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PREFACE. 

The chief design of ibis maimal is to meet the requirements of pnpils 
pT^Muring for the first-stage examinations of the Science and Art 
Department in Animal Physiology; consequently due regard has been 
paid to the syllabus of the Deparbuent. 

In an elementary work on Physiology much space is necessarily 
occupied by anatomical descriptions. The course adopted in this 
manual is to describe each part fully before referring to its uses. 

A simple sketch of Human Anatomy and Physiology is given in 
Chapters I. and II., which will serve as an easy introduction for be- 
ginners. Afterwards the various parts are treated of in detail, and 
this portion, although intended more especially for junior pupils, will, 
it is believed, be found serviceable to more advanced students. 

The importance to the student of having practical acquaintance 
with the ol:rieGt8 studied, has been fully recognised throughout the 
work. And an endeavour is made to smooth the difficulties which 
beginners usuallv experience by ^ving such instructions as will enable 
tiiepupil from the outset to begin working for himself. 

The final chapter is devoted to Practi(»l Histology. In the body 
of the work the minute structure of many organs is described ; but as 
the preparation of the various ^larts for examination with the micro- 
scope requires considerable skill, it has been thought advisable to 
dd^er giving instruction in this branch until the student has acquired 
some proficiency in ordinary dissection. 

The practical work required of the pupil is graduated, commencing 
with the simplest operations, and terminating with such as require 
more still and knowledge on the part of the operator. 

For m^ch of the matter of the work, the author desires to acknow- 
ledge his indebtedness to the writings and lectures of Professor Huxley ; 
and also to the works of Carpenter, Foster, Kirke, KdUiker, Klein, 
Marshall, Quain, Butherf ord, Sanderson, etc. 

The^source of most of the illustrations is acknowledged in the text ; 
the rest will be found in tiie works of Bourgery and Jacob, Kieman, 
Marshall, Quain, and Sappey. The whole, numbering nearly one hun- 
dred, have been drawn for tne most part by Mrs. Skertchly, to whom 
tiie author desires to tender his best thanks s as also to Mr. Irons 
for care bestowed in engraving them. £. T. N. 

August, 1875. 

SECOND EDITION. 

The rapid sale of the First Edition affords an early opportunity of 
correcting a few trifling errors, and of making sundry improvements 
in the text. The author also takes occasion to strongly recommend 
pupils to make drawings of all their dissections, and of the various 
histological structures exhibited by the tissjies under the microscope. 
November, 1875. E. T. N. 

FIFTH EDITION. 

Ik this Edition the work is further improved by the addition of a 
complete series of Examination Questions. 
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INTRODUCTION. 

Animal Physiology is that brancli of Biology, or the Science of 
Life, which &eats of the uses of the yarions parts or organs of 
Animal Bodies. Anatomy is another branch, which deals specially 
with the construction and arrangement of the different organs. 
The study of those more delicate structures of the organs which 
require the aid of the microscope for their examination, is termed 
Histology, 

As it is impossible properly to understand the uses of the dif- 
ferent parts, without a knowledge of their structure and arrange- 
ment, it becomes necassaiy to some extent to study Anatomy 
before or together with Physiology. And as it is of the greatest 
importance to have a knowledge of the structure of the Human 
Body, while at the same time more is known about it than about 
the bodies of any of the lower animals, it has been deemed advi- 
sable to devote the first chapter to a general view of Human 
Anatomy. 

In a work like the present, technical terms cannot be avoided, 
and some are so frequently used that it will be well to explain 
their meaning at the outset. 

Any portion of the body set apart for a special use is termed an 
organ, and the office which it subserves is called its function; 
thus, the function of the organ called the eye is sight. 

Living bodies are termed organisms, because they all possess 
organs of greater or less complexity, 

Substances which are solely derived from organisms are termed 
organic, such as bone, hair, fat, gelatin, etc. ; while substances 
obtainable from other sources are called inorganic : for example, 
lime, salt, etc. 

The manner in which any part is built up is commonly spoken 
of as its structure, and the entire part is frequently called a struc- 
ture : for instance, an organ may be described as a simple or com- 
plex structure ; or we may say that its structure or construction is 
simple or complex. 

The elementary structures of which any organ is composed are 
called tissues : for example, we speak of bony or osseotis tissue, of 
muscular tissue, and of nerve tissue ; a delicate membranous sub- 
stance, which is found very constantly throughout the body, and 
serves to bind the parts together, is termed connective tissue. 

Many tissues consist of a great number of minute rounded par- 
ticles, termed cells (p. 168), and are hence called cellular tissues ; 
the epidermis or outer layer of the skin, is a good example of this 
kind of tissue. 



CHAPTER I. 
HUMAN ANATOMY. 

General Straoture of the Body. A glance at the 
hninan body shows that it consists of a number of dis- 
tinct parts, as the headf the trunk, the upper limbs, or 
arms, and the lower limbs, or legs, Each of these parts 
is as distinctly separable into other portions. 

Thus the head comprises the face and the cramumi, 
or brain-case. The face is made up of the parts com- 
monly csMed features ; viz., the eyes, nose, mouth, etc. 

The trunk is divided into an upper portion called the 
chest, or thorax, and aiower named the belly, or abdomen. 

Each arm consists of tapper arm, lower arm, hamd, and 
jmgers ; and each leg of thigh, leg proper, foot, and toes. 

The body is completely ensheathed in a tough cover- 
ing called the skin, which is provided with hairs over 
almost the whole of its surface, those upon the head and 
face being the most obvious. At the various apertures 
of the body, such as the mouth, nose, etc., the skin seems 
to stop and be replaced by a much more delicate struc- 
ture, which, on account of its continually giving out a 
viscid fluid called mucus, is known as mucous membrane. 
The mucous membrane is a continuation of the skin, 
and lines all cavities of the body opening externally. . 

When the skin is removed, the muscles, which are the 
chief (p. 145) organs of motion, come into view. They 
form ilie greater part of the fleshy portions of the 
body, and consist of red fleshy masses or bundles of 
various shapes, which possess the power of contracting, 
under certain influences. Each muscle is covered by a 
membranous sheath composed of connective tissue (p. 2), 
which, in many muscles, becomes thicker towards the 
ends, forming the strong cords, or tendons, by which 
these muscles are attached to the bones or other parts.* 

* For farther account of muscles see pp. 147, 149, etc. 
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The Skeleton, cor Internal Support of the Body, 
rho body is enpportod by a strong and firm bat mobile 
framework called the skeleton, composed of a considerable 
nnmber of hones and cartilages (p. 162). 

The skeleton not only gives sup- 
port to the other portions of the 
body, bat some of its parts act aa | ; 
rigid bars or levers, which are set S ^ 
in motion by the contractions of the *" 
muscles. Other parts serve bm a 
protection to the more delicate 
organs. 

A front view of the skeleton ia 
given in fig. 1. It is divisible, like 
the body generally, into trunk, 
head, and limbs. Each of these a 
parts will now be considered sepa- 1 
rately, B 

BoneB of the Trunk. The bones " 
of the tmnk are the vertebne, riba, 
stemam, pelvis, scapnlie. etc. 

The vertebras. The chain of bones 
known as the vertebral colwnm, or 
backbone (fig. 3), forms the prin- 
cipal support of the trunk. It is 
composed in infancy of 83 s^- 
ments, or vertebrro ; certain of | y *f 
which become firmly nnited as life J , I 
advances, so that the nnmber ■> I f 
of separate bones in an adnlt is 
less than in a young child. The 
first seven vertebne, counting from 
the top, are called eeraieal ; then 
follow the twelve thoracic vertebra, 
to which the ribs are attached ; next 
come the five lamhar vertebrte; fol- 
lowing these, come five vertebrs, 
which, at an early period of life mitoiwiiin' 
become united, and form ono bone, which ia termed the 



J' 



ANIMAL PHTSIOLOGT. 



sacrum. The laat four frequently tmite, and form 'what 
is called the coccyx. 

With the exception of the first cervical and those 
forming the coccyx, each vertebra consists of a body, or 
centrum (fig. 4, a) snrmonnted by an arch, termed the 
neural arch, the upper part of which is elongated to 
form the neural spine. On each side of the vertebra 
there is a projection called a transverse process. 

The bodies of the ver- 
tebrsB are held together, 
and at the same time 
separated from each 
other, by a fibrous kind 
of cartilage (p. 162), 
which is sufficiently 
elastic to admit of a cer- 
tain amount of move- 
ment in the vertebral 
column. 

The neural ca/ndl is 
shown in section, to- 
gather with the bodies 
of the vertebras, in ^g. 6. 
The Bibs. Each tho- 
racic vertebra has two 
ribs attached to it, one 
on each side ; and as 

Fro. 4 A,tk eenrlcal; J5. a thoracic : C, a Inmbar there arC twelvcthoracio 
vertebra ; seei) from abore in the left figures and _• i • r 

from the side in the right flgnree; a, centrum; b, VerteDr89 tnCre arO COU- 

nennd canal: c, neural spine ; d, tranirerse process; „^^„^^j.i„ i...„^^.l„ t^.^^ 

«. surface which articulates with the next vertebra ; 860 Uentiy tWenty-IOUT 

,. .urf«,e for articulation witi. rib. (Mar^U.) ^ j^^ ^^^j^^ ^^ ^^^^ g. ^^^ 

The ribs lie in the walls of the thorax, and serve as 
a protection to the important organs which it contains. 

The Sternum. In the front of the thorax is a bone 
called the sternum (fig. 1), to which the upper ten ribs 
are attached by what are termed the costal cartilages. 
The last two ribs are not connected with the sternum, 
and are termed ^oa/tw^' ribs. 

The Pelms. Attached to the sacrum upon each 
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side is a bone of iiregalar form termed the 03 innomi- 
natum (fig- 6). It consists of three portioua, which in 




infancy are three separate bones. The upper portion 
is termed the iUum, the lower and hinder the itchwm, 
and the lower and front, the pubi*. These three bones 
meet in iho centre of the ot iniwminatum, and form a 
deep cap, termed the aeetatml^m, into which the head 
of the thighbone fits. The two pnbes meet in the 
middle line in front. The two os$a trnitominata, with 
the lacrum and the coecj/x, form ibepehU. 
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The ScapuloB, etc. Upon eacli side of the tipper and 
back part of the thorax there is a bone termed the scapula, 
or bladebone (fig. 7). Its shape is that of an irregular 
triangle, the base of which is turned towards the spinal 
colnmn; the opposite angle, directed upwards and out- 
wards, becomes enlarged so as to form a cup-like 
depression called the glenoid cavity, to which the bone 
of the upper arm is attached. Upon the outer surface 
of the scapula there is a crest or spine, which extends 
across its upper part, and projects over the glenoid 
cavity, where it forms the acromion process. From this 
process a bone called the clavicle, or collar-bone, extends 
to the upper part of the stemtf/m, to which it is firmly 
attached. The scapuloi are kept in position chiefly by 
muscles. 

The Skull, or Bones of the Head. The bones of 
the head are generally separated into two main divi- 
sions (1) those of the crcmium, (2) those of the /ace. 

In a very young child the shdl consists Of a great 
number of separate bones ; but as life advances these 
become more and more united. It is generally stated 
that in the skull of an adult there are twenty-two 
separate bones, of which eight form the cranium, and 
fourteen the face. 

1. Bones of the Oromiv/m. The eranvam, that part of 
the skull which contains the brain, consists of the fol- 
lowing bones : (a) the frontal bone which forms the 
forehead (fig. 8, i). 

(&) Behind the frontal are the two parietals, which 
form part of the upper and side walls of the brain 
cavity. 

(c) Then follows the occipital bone upon the back of 
the head, which passes to i^e under surface, and is here 
pierced by a large aperture, termed the fora/men mag' 
nam, through which tiie spinal cord passes to the brain. 

(d) The sphenoid hone situated upon the under side 
of the cranium, joins the occipital, and has its winglike 
sides united to the frontal and parietals. 

(e) The ethmoid bone, which is in front of the spheKoid, 
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separatea the eranial caTity &om the chamberB of the 
noae ; thia bone also seiidB down a perpendicular plate 
between the two naBal chambers 

(/) "Upon each Bide of the skull is the bone known 
aa the »qua/mosal or temporal hojis, which contains the 
organ of hearing 

2. Boneg of the Face The fourteen bones nsnallj 
reckoned as belonging to the face are as follows. — 




(I l,biiiiIdb(iu:LiHirii]ii,H(Ulltoli4iiid>,>UMstu4ftaMlDi1iiidin 
UMBBHinni I a ll3ll«MtalM>£ll, 1AI1I1 •fUmlMH ulth (£• BiH tvMb 
t i T, tKUim j MlptM vMok 1> gnnltoMW b tntt MMi Hi* htUnw h >mi1J| 

iSSjS^Sm Uili imbvli tk> pHHn In tk< mamarj atm; U,'liBlkin>i !>. 

■ifliir ■■■Ulili I H iMliniii, U mniil • lt,bktolor tvtdiul; T^ rtrioM proawi of tta* 

tomnxtf. tQvttlclittM firoldli vttwflud; IT, HllHtQrdo^iTlikDh1oda«thapltu1tAfTl»dr of 

Uw bHln; IS, lowarjftw. Ittc^JiL) 

(a) Two nasal bones forming the npper part of the 
nose. 

(6) Two tuperwr maxiUariet bearing the teeth of the 
npper jaw, and, meeting in the middle line, form th? 
front part of the roof of the mouth. 

(c) Upon each side ia the malar or jugal bone, ex- 
tending from the anperior maxillary backwards to the 
temporal bone. 
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(d) Attached to the inner and back portion of the 
saperior mamillaries are the two ^alaimee, which also 
form part of the roof of the month, and, with the 
maxillarieB, separate the month &om the nasat chambers. 

(e) The vomer, a single bone which mns from before 
backwards, directly above the line in which the two 
enperior maxillaries meet : this bone is immediately 

below the perpendicolar plate 
of the ethmoid, and irartly 
Bcparates the two nasal cham- 
bers. 

(/) Upon the inner and 
npper pwt of each snperior 
m^illaiy, and consequently 
within tiie nasal chamber, is 
B delicate scroll-like bone, 
termed the ivferior barhmai. 

(3) Each o£ the cavitieB, or 
ofbiia, in which the eyes are 
lodged, has npon its inner 
side a small bone, called the 
lachrymal, bone, pierced by a 
canid which opens below into 
the nasal chamber (p. 140). 

(A) The lower jaw, or tn- 
ferior maxiUary as it is some- 
times called, iscommonly reck- 
oned as one bone. 

The Hyoid. The hyoidia 
not nsoally reckoned as be- 
longing to tbe face; it con- 
jj aists of several bones which 
^ are placed in the back part of 
^ the tongne, and is attached to 
': the akoll by two cords, or li- 
lamentg. 

Bones of the Arm. The 
npper arm has one bone called the humerug (fig. 9), the 
npper end of which possesses a ronnded bead, to articnlato. 
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or j<»a, with the glenoid cnvity of the scapula. The 
lower end articolates with the two bones of the lower 
arm. 

The lower arm poBBeBsea two bones, the tadiut and ulna 
(fig. 10). These bones move, not only upon the end of the 
hnmems, bat also npon one another. The ttlTia projecta 
behind the hnmems, and forms the elbow. When the 
arm bangs down and the palm of the hand is tnmed 
forwards, the tthta is npon the inner and the radios npon 
the onter side, the two Jtcgb/at d 

being paralleL When the 
back of the hand is tnmed 
forwards, the npper end of 
the radins tnms npon its 
axis, while the lower end 
passes over the ulna, so 
that they become crossed, 
the thumb being carried 
over with the radins. 

When the radins is pa- 
rallel to the nlna, the hand'- 
is stnd to be tupine; bnt 
when the radins lies across I 
the nlna, tbe hand is saidz 
to he prone. 

The kand is divided into'f 
three parts : (a) the carpat, 
or wnst ; (b) ttie metaear- 
ptw, or palm ; and (c) the 
digiU, or fingers. The car- riu. ii. 
pus contains eight bones, muiinii; 
ananged in two rows. The ^^^'' l . . . 
Tnetaca/rpvs is composed of five bones, corresponding to 
the five digits. The thnmb, or first digit, has two 
bones, while all the other digits of the hand have three 
each. The bones of the digits are termed phalanges. 

Bones of the Xieg. The&igbhas one bone, the /«>nur 
(fig. 12), the npper ronnded head of which fits into the 
acetabnlnm of the os innominatnm. The lower end ot 
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the femnr poBsesses tiro rouaded Burracea, tenned tbe 

tttn«r and <ntter condyles. 

The leg proper has two bones ; the tibia and the fihih 
(fig. 13), which are not movable upon one another. The 
" npper end of tbe 
i tibia is broad, and 
' has two depresaioDS 
corresponding tolhe 
two condyles ot the 
femur. The.^fru!oia 
a slender bone, and 
lias no share in the for- 
mation of the knee-joint 
The patdla, or knes' 
cap, is a small bone pro- 
tecting tbe knee-joint, 
and is generally reck- 
oned as one of the bonea 
of the leg. 

Th6/oo((fig.l4),like 

tliehand, is divided into 

three parts, termed in 

this case (a) the tatms, 

(b) melatarevs, and (c) 

'ligiU. The iarsw con- 

siita of seven bones, one 

of which, the calcanemi, 

forms the heel ; while a 

pulley-like bone, which 

.tits into the socket 

J formed by the lower 

I ends of Uie tibia and 

fibnla is termed the 

. ostTogalut. The meta- 

i ta/reus contains five 

«^J«i*i;iHiJ'^';i>^''^=;°.ti.??K^'^^ bones; and of the five 

.;B«(«.»ru™i.ua,-itiii»ti/.ahj.,j,p.t,u»' dlglts, Uio first has 

tYfophaianges, and the rest three each. 

Modes of Articulation of Bones. The bones of the 
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■beleton are heM together in several ways. In Bome 
cases they become firmly onited by bony matter, as in 
the Tertebrse forming the saoruTti. In others, aa in 
the skull, they are united by 
toothed edges or simply over- 
lap, TmiojiB of this kind being 
termed sutures. 

Other bones are united by 
tbe interposition of cartilage, 
which is firmly attached to 
both the bony surfaces. The 
bodies of the vertobne are 
united in this manner, and the " 
ribs are similariy connected 
with the Bt«mum by the inter- 
position of the costal earUlagee, 

When bones are freely mov- 
able upon one another they 
form what are commonly 
known an joinU. In such cases 
the articulating surfaces of the 
bones are covered by a thin 
layer of smooth cartilage, and 
are kept in position by strong 
fihroDB bands called ligaments, 
which are so arranged as to 
keep the bones firmly together, 
while allowii^ them to move 
upon one another. The varioDS 
kinds of joints will be con- I 
sidered in another place 
(p. 149). 

Contents of the Thorax. The general arrangement 
of tbe organs in the cavii^ies of the body has now to be 
coneidered. "When the front wall of the thorax is re- 
moved, as shown in the upper part of fig. 15, the 
greater part of the organs which it contains may be seen. 

TheBea/rt. (Fig. ^0). This most important organ is 
placed nearly in the middle of the thoracic cavity. It is a 
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mnacnlar body of cotiicaJ form, with the base turned 
partly npwards, and the point directed downwards, and 
towards the left side It contains fonr chambers, with 




which the arteries and veins communicate. Two of 
these chambers, situated at the tipper part of the heart, 
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have thin walls, and are termed the right and left ourt- 
eles. The other two chambers, occnpying the lower part 
of the heart, have thick walls, and are called the right 
and left ventricles. The heart is enclosed in a mem- 
branous bag, called the pericardittm. The month of this 
bag is attached to the large yessels passing off from 
the upper part of the heart. The membrane, however, 
does not end here, but is turned inwards, and reflected 
over the entire surface of the heart. In this way a bag 
is formed within a bag, leaving between them a closed 
space, which contains a fluid termed the pericardiail 
fluid. The part of the membrane forming the inner bag 
adheres closely to the heart. 

The heart is the organ by which the blood is forced 
through the set of tubes or vessels called arteries ana 
veinsj m order that this most important fluid may be dis- 
tributed to all parts of the body. 

Bloodvessels, The vessels by which the blood is car- 
ried away from the heart are the arteries, while those 
bringing the blood back to the heart are termed veins. 

From the upper part of the left venti-icle arises a large 
artery termed the aorta, which arching upwards and 
backwards comes to lie against the back wall of the 
thorax, and then descends towards the abdomen. From 
this arch of the aorta three large arteries are given off, 
one of which very soon divides into two, so tibat there 
are virtually four of these vessels. Two of these, the 
right and left suhclavicm arteries, pass to the right and 
left arms. The other two, the right and left carotid 
arteries, run up on either side of the neck to supply the 
head. 

From the upper part of the right ventricle, another 
large vessel, the pulmona/ry artery, passes off, and divides 
into two branches, one going to each lung. Other 
vessels pass from the lungs back to the left auricle, these 
are the pulmonary veins. The vessels which bring back 
the blood from tibe head and upper parts of the body, 
open into one large vein, the superior vena cava. The 
inferior vwia cava receives the blood returning from the 
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lower parts of the body. Both vence cavcB open into the 
right anricle. 

The Limge. At the sides of the thoracic cavity are the 
two lungs. When the thorax is entire, the lungs occupy 
by far iiie greater part of its cavity, and are in contact 
with its walls ; bnt when the thorax is opened, the lungs 
immediately shrink very considerably. Each lung is 
contained in a double- walled sac termed a pleura, which 
is similar to the pericardium. The inner wall of each 
pleura is attached to the surface of the lung, and the 
outer wall is in contact with the wall of the thorax. 
From each lung a large tube, or bronchus, arises. These 
join to form the trachea, which passes upwards and opens 
into the pharynx at the back of the mouth. The trachea 
is the passage by which air passes to and from the 
lungs. 

The (Esophagus, Directly behind the trachea, and 
attached to it, is the oesophagus, the upper and enlarged 
portion of which is termed the pha/rynx. The oesophagus 
is a wide tube communicating with the mouth above, 
and passing downwards into the stomach : it is the 
passage by which the food is conveyed from the mouth. 

The Diaphragm. The floor of the thoracic cavity is 
formed by a strong partition, partly muscular, called 
the diaphragm, which separates the thoracic from the 
abdominal cavity. The oesophagus, bloodvessels, etc., 
which pass fix>m one of these cavities to the other, have 
to pass through the diaphragm. 

Nerves. A double series of white-looking bodies, 
connected by delicate white cords, forms an irregular 
double chain upon the back of both the abdominal 
and thoracic cavities : these are the chief parts of what 
is termed the sympathetic nervous system. 

Contents of the Abdomen. The Stomach. Soon 
after passing through the diaphragm the oesophagus 
opens into the stomach, a muscular sac, pyrif orm in shape, 
with thick strong walls. The larger, or ca/rdiao end of 
the stomach receives the oesophagus ; while the smaller, 
or pyloric extremity is continued into the intestine. 
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The Intestines, The duodentmi,, as the first portJon of 
the intestine ia called, ia coatinnoiiB with the nnaU intet- 




tine, which forms the greater part of the convoluted 
mass seen when the abdominal cavity is opened. The 
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small intestine opens npon the right side of the body 
into the large irUestinSj which at this poinl forms a dila- 
tation termed the coecum. After passing across the 
abdominal cavity, the large intestine turns downwards 
and backwards, terminating at the anal aperture. 

The Lw^ cmd Oall Bladder, Immediately below the 
arch formed by the diaphragm is the liver j a large red 
organ, divided into several portions or lohes, and partly 
overlapping the pyloric end of the stomach. On turning 
up the lobes of the liver, a small greenish-coloured bag 
is seen. This is termed the gaVMadder^ and is the recep- 
tacle for the gaU or &iZe, a fluid formed by the liver for 
use in the process of digestion. The bile is poured 
into the duodenum through a small tube called the^ 
hilia/ry or hepatic duct. 

The Pancreas amd Spleen, These are two organs 
which are also situated near to the stomachy the latter 
being close to its cardiac portion. 

The Kidneys am,d Bladder, When the stomach and 
intestine are removed, the two kidneys may be seen. 
From eachof these organs a tube called the ureter passes 
downwards, terminating in the lower part of the bladder, 
which is placed at the bottom of the abdominal cavity 
towards the front (^g. 16). 

Bloodvessels, The aorta, after passing through the 
diaphragm, gives off branches to the liver, stomach, 
intestine, kidneys, etc., and afterwards divides into two 
main channels, the right and left iliac arteries, which 
pass to the lower limbs. 

The inferior vena cava runs up beside the aorta, and 
passes through the diaphragm on its way to the heart. 

The Peritoneum and Mesentery, The interior of the 
abdomen is lined by a membrane termed the peritoneum ; 
this is reflected over most of the organs contained in 
the cavity in a manner similar to that in which the 
pleursB cover the lungs. The portion of the peritoneum 
reflected over the intostine is attached to the back 
wall of the abdominal cavity, and forms a membranous 
expansion termed the mesentery. The intestine, enclosed 
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in its fold of peritoneum, is enpported by being thus 
attacbed to tbe edge &a it were of the meBeuteiy 

The CaTities of the Sktdl and Bprnal Colunm. 
When a hnman body ib out down tbe middle line into 
two lateral halveB as ehown in fig 5 tbe bodies of 

tbovertobrBB which 

have been 
tbrongb will be 
seen sepEtratuig the 
tboracio and 
dommal cavitieB li 
which are s tnated || 
npon tbeir front o 
ventral aspect from \ 
the mnch emaller 
cavity of tbe neural 
canai seen at their 
back or dorsal snr 
face The spinal 
canal formed by 
the neural arcbes 
of tbevertebr» be 
comes gradnally 
smaller at its lower 
part; but is con- 
tinnoQB above with 
the cavity of Ike 
ikull (fig. 17). 

In the tmnk the | 
ventral or abdomi- i 
nal and thoracic '■ 
cavities are much i 
larger than the dor- ' 

sat cavity, or spinal canal. In the head this it 
tbe ventral cavity, formed by the month and nasaJ cham- 
bers, being smaller than the dorsal cavity, or brain case. 

The Brain atid Spinal Cord. The great cavity of tbe 
hnman skull is chiefly occupied by two largo convoluted 
massesof tbe brain called tbe cerel>raUemi«p^ere«(figs.5, a, 




uyu; i, a^tlcptUa ; ft. hjold i I, 



20 ANIMAL FHTSIOLOaY. 

and 50) ; below the hinder part of these hemispheres is 
situated that portion of the brain called the cerehellum 
(figs. 5, 63). The base of the brain is continued into the 
spinal cordy a greyish white substance extending along 
the spinal canal as far as the second lumbar vertebra, 
where it becomes reduced to a mere thread. This 
fihim terminate, as it is called, with certain nerves given 
off from the lower parts of the spinal cord, occupies the 
remaining portion of the neural canal. 

Nervous cords pass from the brain to the eyes, nose, 
mouth, ears, and other parts of the head and body. 
From the spinal cord similar threads pass out on each 
side of the canal, between the arches of the vertebrae, 
and, dividing and subdividiug, are distributed to all parts 
of the body. 

Membranes surrounding the Brain and Spinal Cord, 
The brain is covered by a very vascular membrane 
termed the pia mater j which dips down between all the 
irregularities of its convolutions. The interior of the 
skull is covered by a very strong, tough membrane 
called the dura mater, which adheres firmly to the 
surrounding bone. The free surface of both these 
membranes is covered by a very delicate layer of mem- 
branous tissue, the arachnoid, which, being reflected irom 
one to the other, forms a shut sac, similar to the 
perica/rdiwm (p. 15). 

The spinal cord is protected by the same membranes 
as the brain (fig. 46) ; but the du/ra mater is not attached 
to the surrounding bones. 

Practical Sectioh. 

The student %9 recommended to follow out for himself the directions 
for practical work which are given throughout this manual, 
and not to be content vrith simply reading the descriptions, 
or even with seeing dissections and experiments performed by 
others ; but to work the rnatters out with his own hands, [See 
Appendix.] 

Disseotion of an Animal. — All the parts of the body de- 
scribed in the foregoing chapter may be conveniently studied by 
diflseoting some szoall animal, such as a cat, a dog, or a rabbit. 



PRACTICAL 8ECTI0K. 21 

A rabbit is most easily obtained, and for certain other reasons is 
perhaps best suited for this purpose. It should be obtained alive, 
and then killed by drowning or by chloroform. The ordinary 
method of killing rabbits practised by dealers, spoils the animal 
for dissection. Tonng pupils are advised to consult some experi- 
enced person as to the best mode of killing the animal so as 
not to give it pain unnecessarily. The dead animal should be 
laid upon its back upon a table or board, into which stout pins 
may be driven, and a piece of string tied to each limb and 
attached to four pins driven into the board for that purpose, 
llie skin of the thorax should then be cut through in the middle 
line with a sharp knife, and the cut extended forwards to the 
chirif and backwards to the lower part of the abdomen, so that 
the skin may be turned back. The latter operation should be 
done as far as possible without using the knife. 

Musoles. The muscles of the abdomen and thorax thus ex- 
posed, are seen to be covered with a thin membrane. The limbs 
of one side may now be untied, and the skin removed from them, 
and then stripped off the body as far as the middle line of the 
back. The muscles of the limbs and back are now seen. 

The membrane covering the muscles, say of the hind leg, 
should be dissected off. To do this the membrane should be 
raised carefully with a pair of forceps, and the portions by which 
it is attached cut through with the knife, care being taken not 
to cut the muscles. 

One of the muscular bundles should now be traced from end to 
end. For this purpose raise the centre, or belly, of the muscle, 
and with the point of the knife cut through the membranes 
which adhere to it, always taking care not to cut the muscle 
itself. Continue to separate in this manner the muscle from the 
surrounding parts untU the point is reached where it is attached 
to the bone ; then in the same way expose the opposite end of the 
muscle. 

Abdominal Cavity. The animal being turned upon its back, 
the front wall of the abdomen is to be cut through, from just 
below the sternum to its lower part, care being taken not to 
injure the organs within. From ihe upper part of this incision 
another is to be made at right angles to it, and just below the 
ribs ; this transverse incision is to be carried back as far as pos- 
sible on both sides. A similar transverse cut is then carried 
across the lower part of the abdomen, and the flaps thus made 
turned back. 

The organs which are in this manner displayed should be com- 
pared with the figures and descriptions given in the foregoing 
chapter. 

Turn the animal on its side, and eat away the flap of the ab- 
dominal wall of the upper side as close to the vertebrie as possi- 
ble. The relation of the organs will then be still better seen. 
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and other parts, before hidden, will eome into view. The in- 
testine should be raised oarefnlly out of its place, and the me- 
sentery, by which it is supported, examined ; the bloodvessels 
and neryes which ramify through the mesentery should also be 
noticed. 

The mesentery may now be cut through near its attachment 
to the spinal column, so that the intestine may be remoyed, and 
the stomach, liver, kidneys, etc., examined.- 

Thoracic Cavity. The thorax is to be opened by cutting 
across from one side to the other a little above the lowest ribs so 
as to leave a band between the opening in the abdomen and that 
now being made in the thorax. This band is left so that the 
attachment of the diaphragm to this portion may be studied 
when the larger organs have been removed. The sternum and 
ribs, which have now to be divided, may be cut through with 
scissors. The cut end of the sternum is held with the forceps, 
and somewhat raised, while the ribs are divided as near each 
side as possible. The vessels passing to the limbs, near the upper 
part of the thorax, must not be cut through. The portion of the 
front wall of the thorax thus raised is to be cut across at its upper 
part, and removed. 

The lungs and heart which are thus exposed, together with the 
large vessels and other parts, should be compared with the figures 
and descriptions given in the text. The large vessels going to 
the limbs, lungs, etc., should be traced. 

The Brain and Spinal Cord. These parts are somewhat 
more troublesome to expose than those which have just been 
described, but with a Uttle care it may be accomplished. For this 
purpose the back of the animal should be turned upwards, and 
the limbs secured as at first. The skin is removed from the head, 
by making a longitudinal incision in it, and then turning it back 
upon each side. The muscles upon the sides and back of the 
skull should x^xt be cleared away. A hole may now be made in 
the top of the skull with the point of a pair of scissors, and the 
bone broken away piece by piece with a pointed pair of nippers 
until the upper surface and sides of the brain can be seen. In a 
rabbit the cerebral hemispheres do not, as in man, cover the cere- 
bellum, and consequently the latter is seen when the brain is 
viewed from above. 

When the bone has been broken away so as fairly to expose 
the sides of the brain, the latter should be carefully raised by 
inserting the tips of the fingers under it on one side, and gently 
pulling. Several white cords will thus be seen passing from the 
under surface of the brain to the fioor of the skull : these are the 
tranial nerves. 

In order to expose the spinal eord, the skin of the back must be 
removed, and the muscles cut away from each side of the spinal 
column, as dose to the bone as possible ; then, commencing at 
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the back of the sknll, the spinal oanal is to be laid open by cntting 
with the nippers the two sides of eaoh neural aroh. Care mast 
be taken not to out or tear the spinal cord or the nerves passing 
off from it. Whei. the spinal oord has thus been exposed, and 
the membranes which sarronnd it made out, the spinal nerres 
should be examined, and the two roots by which each arises from 
the cord distinguished, and likewise the BweUing or ganglion of 
the posterior root. 

The brain and spinal cord should now be remoyed, by carefully 
raising them, and cutting through the nerves by whidi they are 
attached. Separate the brain from the spinal cord, and place the 
former in spirits of wine, and the latter, cut in short pieces, in 
the ohromio acid solution (p. 175, No. 4), for future use. 



CHAPTER 11. 
FUNCTIONS OF THE BODY. 

Continual Waste of the Body. We have seen that 
the body is made up of a great number of organs, the 
nses of which it is the province of physiology to stndy. 
Before entering, however, npon a detailed consideration 
of each part, it will be well to look at the body as a 
whole, in order to see what are the general results of the 
performance of its functions. 

It is a well established fact that no organ can be in a 
state of activity without the expenditure of a certain 
amount of /orce, for the production of which some of the 
materials existing in the body undergo the chemical 
change known as combustion. Just as the mechanical 
power of a steam engine is due to the heat-force gene- 
rated by the burning of the fuel in ite furnace, so by the 
force evolved in a similar process of burning are the 
various actions of the body accomplished. 

In every part of the body during life the oxygen of 
the blood is continually entering into combination with 
certain materials containing carbon and hydrogen, caus- 
ing combustion, in the process of which heat and force 
are evolved. 
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Now as the materials bnmt are unfitted for farther <i 
service in the body, it follows that every action must } 
be accompanied by a waste of material. 

In the body of a living man certain functions are 
being continually performed, as for instance the heating 
of the heart and the process of respiration, both of which 
are caused by the action of certain muscles; conse- 
quently there must be a cohtinual waiting of the body. 
Other actions are intermittent, such as shmdingj wa&' 
ing, speaking, etc. These also are accompanied by con- 
siderable waste. Not only do these more or less obvious 
actions necessitate a consumption of material, but all 
imperceptible actions also, whether of muscles, gla/nds, or 
nerves ; indeed every thought is accompanied by a pro- 
portionate waste of material. 

The average temperature of the human body is about 
100° Fahrenlieit, and as this is considerably above the 
ordinary temperature of the surrounding air, a con- 
tinual radiation of heat takes place from the body. 
This tends to lower its temperature, and would soon 
reduce it to that of the surrounding air, were it not 
compensated for by internal combustion. Here, then, 
is another cause of continual waste. 

Products of Waste. The materials used by the 
various organs in the exercise of their functions hav- 
ing been rendered unfit for farther service in the body, 
it is necessary that they should be got rid of. 

The products of this change Or waste consist chiefly 
of ca/rhonic add, urea, water, and some saline substances. 
These are taken up by the blood in its circulation 
through the body, and conveyed to certain organs whose 
office it is to separate them preparatory to their being 
thrown out of the system. 

The Organs by which the Products of Waste 
are separated from the Body. The organs by which 
this function is performed are the lungs, the kidneys, 
and the skin (p. 92). The lungs get rid of the greatest 
proportion of carbonic acid, with a small proportion of 
water in the form of vapour. The latter may be seen wheu 
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we breathe in a cold latmospliere : for the vapour, as it 
passes out of the Inngs, becomes condensed, and is then 
visible. Also when a piece of cold glass (a window pane 
for example) is breathed on, it becomes covered with 
moistare from the same cause. 

The presence of carbonic acid in expired air may be 
shown by causing air from the lungs to pass through a 
clear watery solution of lime. The solution will soon 
become turbid, owing to the formation of carbonate of 
lime (p. 87). 

The kid/neys eliminate a very considerable quantity of 
vrea and water ; while the shin throws off, in the form 
of perspvration, carbonic add and water ^ and sometimes 
a small proportion of VA'ea. 

Compensation for Waste. It is obvious that if the 
waste indicated above were not made good, the body 
would soon become considerably reduced in weight. 
The loss is compensated when the food and water ts^en 
into the system are of such a kind and in such quantity 
as to supply an amount of nutriment to the tissues, 
equal to the waste which takes place. 

If but little or no food be taken, the body gradually 
diminishes in weight. This happens even when the 
body is at rest; but during active exercise it takes 
plaee much more rapidly. If the wasting be allowed 
to continue, a point will at length be reached at which 
death from starvation must ensue. 

Proofs of Waste. If the body of a healthy man be 
accurately weighed at intervals during the day, it will 
be found that its weight is greatest directly after a 
meal, and gradually decreases until food is again taken. 
The diminution in weight will be more considerable the 
longer the period of fasting is extended, or the more the 
amount of activity is increased. 

The continued excretion of carbonic acid, urea, etc., 
even when the body is not supplied with food, and the 
loss of weight in consequence of this excretion, are further 
proofs that waste takes place. 

Digestion. The process by which food is prepared 
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for the nonrislimeiit of the tissnes is termed digestumj 
and takes place in the mouth, stomach, and mtestines. 
That part of the food which has heen properly digested 
is absorhed by vessels in the walls of the stomach and 
intestine, and ponred sooner or later into the hlood- 
vessels ; these carry it to all parts of the system, for the 
nourishment of the tissnes of the yarious organs. Those 
portions of the food which cannot be so absorbed pass 
out of the alimentary canal as f saces. 

Circulation. The blood is the medium by which 
nourishment is conveyed to the various tissues and by 
which the waste matters are carried away from them. 
In order that these two objects may be attained, the 
blood is kept constantly circulating. The heart is the 
organ which, by its regular and rhythmical contractions, 
keeps the blood in motion. The arteries by which this 
red fluid is conveyed from the heart become gradually 
smaller and smaller, and their walls get thmner and. 
thinner, until at length they form a delicate network of 
capillary vessels in the various tissues throughout the 
body. Here the walls of these vessels are so thin that 
the nutritious matters contained in the blood pass 
through them to the minute portions of the tissues 
which lie in the meshes of the capillaries. Here also 
waste matters find their way into the blood. It is in 
these capillaries too that the oxygen, which is perhaps 
the most essential constituent of the blood, appears to be 
chiefly made use of, a fresh supply being obtained dur- 
ing the passage of the blood through the lungs. 

The Nervous System. The nervous system is the 
governing power of the body. It enables the different 
organs to perform their functions, and brings ihe 
various parts into such relation that they may when 
necessary act in concert. The motions of the body, it 
is true, depend upon the movements of the muscles, but 
the contractions of the muscles, whether voluntary or 
involuntary, are caused by the influence of the nervous 
system. The nervous system is also the means by 
which the body is brought into relation with the outer 
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world. The termmations of certain nerves are modified 
to enable them to receiye impressions ; as, for example, 
in the eye, ear, etc. The sensations of touch, taste^ ameU, 
hea/rmg, and sight, conld not however be experienced 
but for the brain, which alone has the power of percevU" 
vng sensations. 

Death. While the organs are capable of performing 
their functions, the body is said to be alive ; but when 
they can do so no longer the body is dead. Death may 
be local or general. 

Local Death. In almost all parts of the body portions 
of tissue are constantly dying and being carried out of 
the system as waste; but this kind of local death is 
necessary for the life and health of the body. 

When from disease or injury any part of the body 
ceases to be nourished, mortification takes place, or in 
otheir words the part dies. 

Qeneral Death, When the heart, the resjnratory 
organs, and the brain, cease to act, the body is ordi- 
narily said to be dead. The tissues may, however, 
possess their vital properties for some time after this 
has taken place. This is shown by the contraction of 
muscles when irritated, and by the power which the 
nerves retain of conveying influences even after separa- 
tion from the body. It therefore becomes necessary to 
discriminate between what is ordvnariJ^ called death and 
the death of the tissues, 

Ocmses of Death. Whatever may be its apparent cause, 
death is always the direct result of one of three causes^ 
viz. : (1) the cessation of the action of the heart, (2) of 
the Itmgs, or (8) of the brain and spinal cord, 

Classifioation of the Functions. The functions of 
the human body are generally divided into two groups, 

(1) The Vegetative Mhmctions, 

(2) Functions of Eelation, or Animal Functions, 

The first group includes aU processes which serve f<Sr 
the growth and nourishment of the body. The second 
embraces those functions which bring the individual 
into relation with the outer world. 
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The following table shows in a general way the func- 
tions included in each of these groups, and the organs 
by which they are performed. 



\ 


Functions. 


Gbgans. 


Vegetative 
Funotions. 

* 


Digestion : 

Mastication. 

Insalivation. 

Deglutition. 

Chymification. 

Chylification, 
Absori^tion. 

Circulation. 

Nutrition. 
Secretion. 
Excretion. 
Bespiration. 


Teeth. 

Salivary Glands, 

(Esophagus, 

Stomach. 

Duodenum. 

Lacteals, Lymphatics^ 
Blood Capillaries. 

Heart, Arteries, Capil- 
laries, Veins. 

Capillaries. 

Various Glands. 

Kidneys, Lungs, Skin. 

Lungs, 


Funotions of 
Belation, or 
Animal Func- 
tions. 


Thought. 
Sensation. 

Motion. 
Voice. 


Brain, 

Brain, Nerves, Sensory 

organs. 
Muscles, 
Larynx. 



CHAPTER ni, 
CHEMICAL COMPOSITION OF THE BODY. 

Proximate Principles. By submitting the varions 
tissues of the body to certain simple processes, such as 
washing, boiling, etc., a number of different substances 
may be obtained, which are known 0,8 proximate princvples. 
The chemical elements which enter into the composition 
of the proximate principles are car&on, hydrog&n, oi&ygen^ 
and nitrogen, sometimes united with sulphur and phos^ 
phorus. These are combined in various proportions, and 
form very complex compounds. 

The proximate principlea are of two kinds: those which 
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contain a proportion of nitrogen^ and are therefore termed 
nitrogenized substa/nces ; and those whicli do not contain 
nitrogen, and are hence termed non-nitrogenized sub" 
stcmces. It will be necessary to consider the nature of 
the most important of these compounds. 

Nitrogenized Substances, or Froteids. All -these 
snbstances contain ca/rbony hyd/rogen, oxygen, and mtrogen, 
with a small proportion of mineral matters. 

1. AUmmen. The best known form of this snbstance 
is the white of eggs. ' It is found in the human body 
in a state of solution, both in the blood and in the 
fluids of most of the tissues. It possesses the peculiar 
property of coagulating when heated to about 158^ F., 
and is precipitated by the addition of alcohol, or strong 
acids, and by most metallic salts. 

2. Globulin, This is a peculiar kind of albumen, 
which forms the chief part of the red blood corpuscles 
(p. 55). It is also found in the crystalliae lens of the 
eye, and is then known as crystalUn, 

3. HoBmoglohln, or cruor. This is the material con- 
tained in red blood corpuscles (p. 59). It may be 
separated into two parts, globtdin and the colouring 
matter which is termed hcBmatm. 

4. Fibrvn. If some freshly drawn blood be whipped 
with a bundle of fine twigs, a soft fibrous mass will 
adhere to them; this substance is called fibrin, and 
differs from albumen in possessing the property of 
coagulating spontaneously. 

Fibrin does not exist as such in the blood, but is the 
result of the combination of two substances which form 
part of the plasma of the blood (p. 55). One of these 
substances, fibrinoplastin, is closely allied to, if not 
identical wiih, globulin. The second auhatsince, fibrinogen, 
exists, not only in blood plasma, but also in lymph and 
chyle (pp. 75 and 52). 

5. Syntonvn. This substance is a kind of fibrin ob- 
tained by treating muscular tissue with dilute acid. 
Syntonin, as it exists in the muscles, is termed myosin; 
the coagulation of this causes the stiffening of the body, 
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ir rigor mortis^ T^hicli takes place soon after death 
p. 146). 

6. Gaaein. The chief sonrce whence casern is ohtained 
B milk ; bnt it is found, though in mnch smaller qnan- 
ities, in other flnids of the body. It remains in solution 
10 long as the milk is slightly alkaline (as it is when 
|nite fresh); bnt when the milk tnrps sonr, or an acid is 
ulded to it, the casein is coagulated, and forms the white 
lakes known as iyurd^ from which cheese is made. 
Casein very closely resembles albulnen, bat differs from 
It in not being coagulated by heat. 

7. Keratm or homy matter. This is mnch like al- 
bumen, bnt contains a larger proportion of sulphur. 
[t is the substance of which hair and nails are composed. 

8. Pep«m. This, albuminous substance, is obtained 
from the gas^riejmce. It gives to that fluid its powerful 
solvent properties which are so important in the process 
of digestion (p. 43). 

9. FtyaMn, An important constituent of the salivB» 
having the power to convert starch into dextrine, and 
dextrine into sugar (p. 40). 

10. Oelatin. When connective tissue, tendonsy Uga^ 
mentSf boneSf etc<, are boiled in water, they yield a 
substance called gelatin. A solution of gelatin in 
water, remains fluid whilist hot, but becomes jelly-like 
when cold.* From weak solutions gelieitin may be pre- 
cipitated by the addition of alcohol, eliier, tannic add, 
ate. 

11. Chorulrin. This subeybance is obtained by boilii^ 
cartilage in water: the solution solidifles when cold, 
[t closely resembles gelatin, but differs from it chiefly 
in not forming so firm a jelly when cold. 

Hon-Hitrogenized Substances. The non-nitrogen- 
)us substances contain carbon, hydrogen, and oxygen; 
mt no nitrogen^ They are of two kinds : the fats and 
ihe amyloids. 

1. ITis Fats. These are more abundant than the amy- 
oids, and differ from them in containing a larger | 
miount of carbon and hydrogen in pronortion to 
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oxygen. There are seyeral Tarieiies, one of the diff9r- 
ences between them being that thej solidify at different 
temperatnres. The more important are margarm^ olem^ 
stecMrvrij and eholesterm, Oholeaterin partakes more of 
the nature of a resin than of a &t. It possesses the 
peculiar property of remaining solid at the ordinary 
temperature of the body. It is found in the brain and 
in bile. 

2. The Amyloids. Siarck^ dextrine, eugcur^ and gwn are 
the substances included under this denomination. They 
all contain less carbon and hydrogen in proportion to 
oxygen than the &ts ; the oxygen and hydrogen being 
in the proper proportions to form water, wlule in the 
&ds there is an excess of hydrogen. 

Cfkicoae or grwpO'Sugar is found in the blood which 
leaves the Hver by the hepatic vein. A variety of sugar 
called Idctin exists in milk. Lactic octd^, which is formed 
from sugar, is found in the blood and in the gastric 
juice. It is this acid which is formed when milk turns 
sour. 

The Beffulta of De<x>mpo8it&M[|. The proximate 
principles are very unstable compounds, having a con- 
stant tendency to decompose when left to themselves, 
or in other words to become resolved into substances 
of a much more simple chemical composition. A dead 
body has the same tendency ; its various tissues becoming 
more or less rapidly decomposed, and reduced to the 
same simple compounds as result from the decomposi- 
tion of proximate principles, viz., ca/rhomc acid (G Og), 
ammonia (HgN), water (HgO), and certain mineral 
substances. 

Mineral Substances found in the Body. The fol- 
lowing are the more important of the mineral substances 
which enter into the composition of the body. 

1. Phosphate of Ivme, or hone earth, exists in small 
quantities in all the tissues, but is found abundantly in 
the bones and teeth. 

2. Oarhonate of lime always exists in the bones and 
teeth, but to a less extent than hone earth* 
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CHAPTER IV. 
FOOD. 

Food required by Animals. One of the most im- 
portant differences between animals and plants is that 
while plants build np their tissues from such simple 
inorgcmic compounds as carbonio acid, ammonia, water, 
and saline matters, animals can only obtain nourishment 
by making use of organic compounds which haye been 
elaborated by plants. In other words, a plant absorbs 
the simple inorganic compounds, — carbonic acid, am- 
monia, etc., — and from them constructs the complex 
proteid and carbonaceous compounds of which its tissues 
are composed; while an animal ^ eats either plants or 
animals which have fed upon plants, and thus derives 
its sustenance from the proteids, etc., which they 
contain. In the exercise of their functions the tissues 
of animals become oxidized and broken down into much 
simpler compounds, and these ultimately form carbonio 
acidj ammhonia, water, and saline masters, &om which, as 
we have seen, a plant is capable of building up its 
tissues. 

In order to nourish the -body, food must therefore 
consist of organic substances, such as exist in bread, 
butter, meat, vegetables, etc. A man of average size 
requires daily about 8000 grains of chemically dry 
solids, besides water; and the lungs will, during the 
same time, absorb about 10,000 grains of oxygen. 

Classifioation of Food. Food stu£& may be divided 
into the following classes : — 

1. Those used mainly for the nourishment of the tis- 
sues, and known as proteids or nitrogenous suhstcmces 
(also termed plasticj rmtritive, histogeneticy albuminous^ 
or fiesh-forming materials). 

2. Those chiefly concerned in the production of heat in 
the body, termed heat^producers or non^nitrogenotis suh' 
8tances{aiao cslledrespiratoryj carbonaceous, wndfud-foods) 

3. The inorgamc materials required for the nminten 
ance of the body. 
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These divisions, although conyenient, ore not strictly 
correct, inasmnch as the foods of the first class take 
some part in the production of heat, while those of the 
second class do something more than simply maintain 
the temperature of the body. 

Froteids. All the nitrogenized prcmmate principles^ 
viz., albumen, fibrin, casein, gluten, etc., derived from 
animal and vegetable tissues, serve 9s food stuffs, and 
belong to this division. It is doubtful, however, whether 
gelatm or chondrin possesses any nutritive qualities. 

Proteid matters are found more or less in all vege- 
tables ; the following are the most important : — Albumen^ 
existing in the seeds and fiuids of most vegetables ; 
gluten, found in abundance in whscit and other oerecds^ 
and said to be identical in composition with fibrin ; and 
legwinen, the nitrogenous material obtained frgm peas 
and hean8, which in chemical composition is like casein. 

Heat Producers. Under this head are included the 
fats or oleaginous matters, and the amyloids — starchy 
dextrine, sugar, gum. The fats are better heat-pro- 
ducers than the amyloids, because they contain more 
hydrogen (p. SO). The amyloids are almost wholly 
derived from vegetables ; glucose, however, is also found 
in animals, it being formed in the liver (p. 50). 

Inorganio Food Stuffs. As the composition of the 
body embraces certain mineral elements, it is necessary 
for its proper nourishment that small quantities of these 
morganio matters should be taken into the system. 
They are generally present in sufficient quantities in 
our ordinary food stuffs. 

Water, Although water is not generally considered 
food, yet it is indispensable to the well-being of the 
body, and therefore a certain amount, in some form or 
other, must be taken daily. 

Oxygen is not received into the alimentary canal, and 
consequently can hardly be termed food, nevertheless 
it is so essential to the due performance of the functions 
of the system, that a sufficient quantity muBt be regu- 
Krly supplied. 
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Table ov Fooo Stuits. 



Proteidi 
{nitrogenous) 



OBCIAHIOf 



/ Gluten 
Albumen , ^ 
Kbrin 'i'y/'" 

Gelatin |^«««<'«» 
Ohondrin^ 



Heat-gi^en 
(non-mtrogenow) 



/* OleaginouB — ^Fat8 

j /Starch 

(^Amyloids \ Dextrin 
iGum 
(.Sugar 



Oxygen 

Hydrogen 

Carbon 



iROBOAnO 



{Water 
Saline matters 



Neoesaity of a Mixed Diet. No one of the classes 
of food which have been mentioned is capable by itself 
of keeping the body in health for any length of time. 
As a matter of fact, however, most of the ordinary foods 
oontain several of the reqnisite materials ; for instance, 
bread eontaros both proteids and heat-givers, besides 
water and saline matters. At the same time these 
ingredients do not exist in bread in the proportions 
reqnired by the system. 

Milk contains every variety of food necessary for the 
nutrition of the body and the prodnction of heat, and in 
snch proportions that infants fed upon milk alone grow 
and thrive. 

It has been proved by experiment that animals may 
live for a very considerable time npon proteids alone ; 
bnt this kind of diet is neither economical, nor likely 
to keep the body in a healthy condition. Animals, 
however, which are fed exclnsively npon heat produtera 
(sngar, etc.), invariably die very soon. The waste of 
nitrogenous materials not being made good, the body 
becomes emaciated. The animal is in fSact starved, jnst 
as though it had been kept entirely without food. 

Boonomy of a Mixed Diet, It has been estimated 
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that a healthy man of ordinaiy size throws out of his 
system daily, as waste matter, about 4600 grams of 
carbon and 300 grains of nitrogen. Now in order to 
keep snch a man in health it is necessary that his 
daily food shonld contain in a convertible form, at least 
the same amount of carbon and nitrogen. According 
to Payen 1000 grains of hread contain about 800 grains 
of carbon and 10 grains of nitrogen. If therefore a man 
were fed upon tread alone, he would require 30,000 
grains in order to get the 300 grains of nitrogen ; bnt 
this amount of bread would yield about 9000 grains of 
carbon, or nearly double the quantity required. 

Again, 1000 grains of meat contain about 100 grains 
of carbon and 30 grains of nitrogen. In order therefore 
to obtain 4600 grains of carbon it would be necessary 
to eat 46,000 grains of meat. But this would give 1380 
grains of nitrogen, or more than four times the quantity 
required. 

The following table, given by Dr. Carpenter, shows 
the proportion of bread and meat which should be taJcen 
by an ordinary man to supply the system with sufficient 
carbon and nitrogen to make good the daily loss of these 
materials without unnecessary waste of either. 

Orains. Grains. Graixut. 

15,440 of Bread contain 4630 of Carbon and 154 of Nitrogen. 
4,6a0 Meat „ 468 „ 154 „ 



20,070 5098 808 



From this table it will be seen that 15,440 grarns, or 
about 2 lbs., of bread, and 4630 grains, or about f lb., 
of meat, will supply the carbon and nitrogen required 
daily by an ordinary man. A judicious proportioning 
of the different kinds of food is thus shown to be 
economical, for the total amount required is far less 
when properly mixed than when any one kind of food 
is taken exclusively. 

Variations of Food Bequisdte. Our daily supply 
of food requires to be varied, both in kind and amount, 
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according to circnmstanceB. When a person is taking 
exercise there is a greater waste of tissue than when he 
is inactive (p. 24) ; and as this waste of tissne is made 
good by the materials contained in nitrogenotu food, it 
follows that a man will require more nitrogenous food 
when he is taking active exercise than when he is idle. 

The iemperatwre of the body is chiefly maintained by 
the combustion of the amyloids and fats which are 
taken with the food. Now in cold climates the body 
loses a greater amount of heat by radiation than it 
does in warmer climates, consequently a larger pro- 
portion of these combustible materials must be taken 
as food in order to maintain the body at the proper 
temperature. 

An infant requires much more nitrogenous food in 
proportion to the weight of its body than an adult. 
This is just what we should expect, when we consider 
that in a child, not only has the daily waste of the body 
to be made good, but new tissues have also to be formed 
or the body would not grow. 



CHAPTER V. 

ALIMENTARY CANAL AND DIGESTION. 

Digestion. In order that food may be absorbed and 
fitted for the nourishment of the tissues, it must be 
digested. The various digestive orgcms and their special 
functions will now be considered in detail 

Mouth. The mouth is the cavity into which the food 
is first conveyed, and in which the first processes of 
digestion are accomplished; the floor of this cavity is 
formed by the tongue, and it is bounded above by the 
palate. The front part of the palate is strengthened 
by bone, and is called the Iwnrd palate ; the hinder por- 
tion has no bone, and is termed the soft jpalate. This soft 
part is produced behind into the fleshy body known as 
the vmda, which may be seen hanging down at the back 
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of the month. The month is bounded in front b^ the 
Upi and teeth, and ftt the sides bv the oheeki and teeth. 

Teeth. There are two Bemioironlar tows of teeth, 
one in the npper and one in the lower jaw ; each row 
oonsiating, in the adiUt, of 16 teeth ; (8 npon each mde) 
making in all 32. Each tooth oonsiats of a arown and 
a root or fang. The orown is the portion above the 
gnm, oovered by a very hard enhstanoe called enamel. 
The fang is embedded in the jaw, and boa no enamel.* 
At the junction of the root with the orown there is a 
eonatriotion, termed the tMofc. The sockets in the jawa, 
which receive the fangs of the teeth, are termed tueeoli. 




There are fonr difierent kinds of teeth on each aide^ 
both above and below. Commencing in front, these are 

(a) Two iiicUort, each of which haa » sharp cutting 
•dfre, and only one ^mg. 

(h) On* MiNMM, with a oonioal-pointed crown -and one 



fnn^:. 



(tj 2'u'ii hi.'MsiH'lx, or as tliey are eomctiraes C&lled 
r, huviog Bomewhat flattened crowns and aingle 



molarg, or grinders; these 
hmng broad cronng, and two < 



are the frtie 
thrte fangs 



pper aorfacea of the molars and bicospids a 



VMttMwpio 



■tructure of the t«cth, i 
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not smooth, but raised into points, or euspe, the bicuspids 
having, as their name implies, two and the molars /cmr 
or five cusps. 
Thus there are 



4 incisors above and below.,. 


... 


••. 


» 8 teeth. 


2 canines ^, „ 

4 bioaspids ^ tt ••• 

6 molars „ ^ ... 


... 

••• 


••• 

••. 
... 


" 4 „ 
« 8 „ 
- 12 H 



leaking altogether a total of 82 „ 

A child when bom has no teeth; snbseqnentlj, 
however, it has two sets. The first set, or milk teethy 
gradnallj appear above the gums, and are all in place 
at about the age of two years. Thej are 20 in number, 
viz.: 8 incisors, 4 canines, and 8 grinders. The milk 
teeth are shed, and the second set, or jpemumerU teeth^ 
gradoally take their place. 

Salivary GlandB; The salvua is a colourless, limpid, and 
Boiliewhat alkaline fluid, containing a peculiar substance 
called ptycUin, It is secreted bj three pairs of glands, 
which are named from their sevend positions the paroltid^ 
BtihmaaiUary, and sublingual glands. Besides these there 
ore a number of smaller glands opening into the mouth 
by separate ducts and known as buccal glands. 

'Etuah parotid is situated just in front of the ear, upon 
the outer tdde of the lower jaw, and its duct opens into 
the mouth, upon the inner side of the cheek, near the 
second molar tooth. 

Ths iubmaadUafry glands are situated within and a 
little below the lower jaw on either side; while the 
tubJmguals are more forward and nearer the middle of 
the tongue. The ducts of both these glands open just 
below the front part of the tongue. 

The mouth, in common with the rest of the alimentary 
canal, is lined with mucous membrane, and this secretes 
a certain amount of fluid which becomes mixed with 
the secretions of the proper salivaiy glands. 

At the back of the mouth and on either side of the 
nvnlay are two fleshy pillars called the fauces; and 
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between Uieao, one on each side, are the jlaadulai 
bodies Imown aa tte tonsiU. 

MBotieation and InBaliTatton. The food which hu 
been introdnced into the month is ground down hj the 
ieetk. In thia procesa, which is commonly called matH- 
cation or chewing, the teeth of the npper and lower jaws 
are brought together by the action of the mastioatinff 
mnacles, so that ^ubst^ices placed between the teeth 
are broken or crnahod. 

The presence of food in the month and the action of 
the month in masticatiDn, have 
such an influence, throogh the 
nervee, npon the saHvary glands 
as to canse their secretions to be 
poured out much more sbun- 
daatly than nsnal. One of the 
^ uses of the saliva is to soften 
the food by macerating it ; but 
its most important fonotion is 
to change starch into dextrin, 
and dextrin into sugar. In 
this way insoluble starchy mat- 
ters are rendered soIabJe, and 
—CH. u dunr *l>^™f<"« more capable of being 
m ill ^"faS^iSiii*' absorbed and made use of by 
Si^ASfV^UfXlS^iS; ^^^ body. The saliva does not 
Sr!LT^:'7?^^.!f *PP«^ *° act directly upon any 
taSSttaS^l^Swi'i *'™' "^ °^ *'*® other ingredients of food ; 
bnt experiments show that food 
raised with Baliva is much more readily digested in 
the stomach, than food which has been simply mixed 
with water. 

Swallowing or Deglutitioii. When the food, has 
been sufficiently masticated, it is rolled into a holm, and 
pnshed by the tongne through the fa.ue6§ into a kind of 
muscular funnel called the pAoryme. 

Just above the fauces the two nasal passages open 
into the pharynx by two apertures called the ptuieHor 
narea; ana below, at the back of the tongue, is another 




ALIHXNTART CANAL AHD DiaXBTIOH. 



41 



apeitiiTe termed tlie glottis, winch leads into the lungs. 
WLen the food presaes agaiast the uvula, it tenda to 
cover the posterior nares, ao as to prevent the food 
from passing into the nasal chambers. Similarly there 
ia immediately above the opening of the glottis, a kind 
of lid called the epighltis, which, when the tongue 
presses the food through the faaces, shots down over 
the glottis, and prevents any portion of the food from 
falling into that apertnre. The pharj/nx ia continued 
below into the 
mnscijar tnbe 
called the asO' 
phctgus, which 
ia placed direct- 
ly in front of 
the vertebral co- 
lamn, uid passes J 
downwards into / 
the slomaek. As J 
soon as the food 11 
passes into tho'^ 
pharynx, 
mnscles of 
walla are stimn- 
lated to con- 
tract, BO as to 
conatriot the : 
tnbe immediate- 
ly above the 
bolns of food. The constriction passing gradually and 
regularlv downwards along the cesophagns, pnahes the 
food before it nntil it reachea the atomach. 

Stomaoli. The stomach is a somewhat conical sac, 
having Btrong muscalar walls. Its upper border forma 
a abort concave lesser eurvature; whUe its lower border 
forms a long convex greater awmaiure. Thia organ ia 
situated below the diaphmgm, and ia partly covered by 
the lobes of the liver. The ceeophagas opens into the 
upper part of its larger or oardiao end, by what is 
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termed the caa-diuLc onjiee The smaller eod of l^e 
sEomach ib oontmaed into the mtestme the aperture of 
oomtmrnication called the pyloms is enrronnded by a 
collar of muscular fibres termed a sphincter 

The stomach is )med by a mncooa membrane, whioli 
givea it a soft and velvety appearance When not dis- 
tended by food the mtenor is tra- 
veraed by namerona lon^tndinal 
, folds and ib of a pale puudsh co< 
lour If the mnoons membrane be 
closely eiammed it will be seen to 
exh b t a kmd of honeycombed ap- 
1 arance A section through the -wail 
if the Btomacb (fig 21) shows it to 
le composed of three principal 
layers Ist, the pentonenm ; 2nd, 
bands of unstnped mnscnlar fibre, 
1 arranged m several layers and run- 
ning m various directions 3rd, the 
, mucoua membrane m which the 
gastnc glands are lodged. 

Qcutrto Gkmda A careful examin- 
ation of the surface of the mucons 
membrane, shows that besidea th« 
honeycombed appearance there are 

.„_.-™>,rf P**'' numbers of mmnte pores. 

Z^^^'&JTt "^^^^ "" *^« opemngs of the 
!w ^"SSli t^SSr^ 3iw(ncj!aiid» which are shown in seo- 
t.iSXrJS'Si^ '^«» f ,%■ 21 The gastric glands 
™^'(««5-T"' ^^."^ ***' ^°^- 0-) Those eitu- 
atea near the pylorus, which are 
hned, quite to their inner ends, with a layer of columnar 
epOkdrnm (p. 159), tbey are long straight tubes, which 
at their inner ends may be simple, as in fijf. 21 or 
divided into several branches. As they are snpMsed 
to secrete macus only, they are called rniwcou* gla/nda 
(2) In other parte of the stomach the glands are onlv 
partly lined with columnar epitheHum, the inner por- 
tions being filled with irregular cells (fig. 22). It is 
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these which secrete the proper gattrie jtiie«; and as 
this fluid contains the pecnliar substance called pepsin, 
they are termed pepfic glamds. 

Beside the g;landa already mentioned, there are fonnd 
scattered over the surface of the in- 
terior of the stomach a large num- 
ber of small Bac-Iike glands oalled 
the l^mUicular foUiclee. 

All these glands are surronnded 
hj a network of bloodvessele. 

Gaatrio Juioe and ita Action 
upon Food. When the stomach 
is empty ita walls are of a pale 
tint, and there is no proper gas- 
tric fluid secreted. Directly food 
is introdnced, a nervoos action is 
set np which caiises4he bloodvessels { 
to become more distended with 
blood, and the gastric juice is then 
secreted, and commences to act a„mMB (uwiiai. 
npon the food. This juice is a dis- Sil!rrtni^''2Slu!S'<iuS 
tinctly acid fluid, the acidity being ("«""» 
dae to the presence of free hydrochloric acid. But the 
most important constituent of the gastric juice is pepein, 
which is most active in dissolving the proteids of the 
food. Both the acid and the pepsin are neceesaiy for 
proper digestion. 

The gastric juice has the power of dissolving the ni- 
trogenous constituents of the food, but has no direct ac- 
tion npon the fatty or starchy matters. The acid which 
it contains neutralizes the alkali of the saliva, and stops 
the action of the ptyalin, so that in the presence of 
gaetric juice, starch is no longer converted into sugar. 

The presence of food in the s£omach causes certain 
contractile movements in its walls, which materially 
assist digestion by miiing the food more intimately 
with the gastric flnid. 

The result of the action of the gastric fluid upon the 
various kinds of food is, that they are more or less 
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completely dissolyed and reduced to a thin pnlp, which 
is then called chyme, 

AlbnminotLS materials undergo a very considerable 
change, losing some of their chief characteristics, when 
acted upon by gastric juice. For instance, albnmen loses 
its property of coagulating by heat, and gelatin will 
no longer solidify when cooled ; so that when dissolved 
in gastric jnice, the albuminous principles cannot be 
distinguished from one another. Li this condition they 
are all known by the one name oip&pUme. 

Part of the fluid of the chyme is absorbed by the 
vessels of the stomach. {Absorption^ p. 52.) 

The Intestine. The intestine is divided into two 
portions, which differ considerably in diameter, and are 
hence termed the small and the la/rge. The small intes^ 
tine is continued from the stom^a^h, and is in the human 
adult about twenty feet in length. The large mtestine 
is continuous with the smaM, and is from four to six feet 
in length. 

The SmaJl Intestine is generally divided into three 
portions, but there is no definite line of demarcation 
between them. That portion of the intestine which 
immediately succeeds tiie stomach is termed the duo^ 
denum. It is about ten inches in length, bent round upon 
itself, and more fixed by the peritoneum than any other 
portion. The common duct of the liver and pancreas 
'opens into the duodenum, Jejtmum and Heumi are the 
names given to the other two portions of this intestine. 

The walls of the small intestine,, like those of the 
stomach, consist of three layers, viz. : 1, the mucous / 
2, the muscula/r ; and 3, the serous or 'peritoneal, 

(1) The mucous, or internal layers is raised up into 
numerous transverse folds, called vahmloe conniventes. 
These are found closely set in the duodenwm Budj^tmum^ 
but they afterwards grow fewer in number, and cease 
at about the middle of the ileum. They serve to increase 
the absorbing sur£a.ce of the intestine, and also prevent 
the more liquid products of digestion from passing 
down too quickly. 
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The villi are fine thread-like processes covering the 
Burface of the muoous membrane of the small vatesims 
like the pile of velvet. Each villas, in common with 
the rest of the mucous membrane of the intestine, has 
an outer layer of 'Columnar epithelium. Within this is 
a network of blood capillaries, and occupying .the centre 
of the villus is a single ladeal vessel^ which is occasion- 
ally looped. (Absorptumi p. 52.) Between the lacteal 
vessel and the blood capillaries, exists a delicate layer 
of nnstriped muscular fibres. 

The function of the villi is to absorb the nutritive 
materials from the products of digestion. The manner 
in which this is accomplished will be considered further 
on. 

(2) The m7i8cular coat is composed entirely of nnstriped 
fibres (p. 168), divided into two layers. In the outer 
layer the fibres run longitudiually, whilst in the inner 
they ai:e arranged in circles around the intestine. It is 
these muscular fibres which produce the peculiar move- 
ments of the intestine called peristaltic contractions. 
The manner in which this takes place is as follows : — 
The circular muscles contract at a certain point, and 
thus reduce the diameter of the intestine, the longitu- 
dinal fibres also contracting at the same part ; then the 
fibres immediately below this point contract, and the 
former become relaxed, and this being continued in 
regular succession downwards, a constriction travels 
along the intestine towards the rectum. The peristaltic 
movements of the intestine can be seen if the abdomen 
of an animal be opened directly it is killed. 

(3) The serous lawyer is that portion of the peritoneum 
which is reflected over and adheres closely to the 
outer surface of the intestine. 

The Large Intestine. At the point where the large 
and the siaall intestines join, the mucous membrane ia 
raised into a fold called the Heo-ccecal valve, which 
guards the opening of the ilemn, and prevents the chyle 
passing back into the sm^l intestine. At the same place 
there is also a pouch-like dilatation of the large intestine 
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called the casewn^ and at the extremity of this is a small 
worm-like body termed the vermi/brm a^ffpendix. 

The htfge intestine is divided into the colon and the 
reoium. The parts of the colon are named from the 
position ihej occapj, the ascending, irantversey and 
descending portions ; the last of these being contmned 
into the rectum, which is dilated, but again contracted 
at its termination. 

The walls of the large intestine, like those of the 
small, are composed of three coats or layers. In the 
aiecvm and eohn, howeyer, the longitudinal muscular 
fibres are arranged in tluree bands, and these being 
shorter than the other coats, the walls are packered up 
and thrown into a kind of pockets or saeculu This is 
not the case in the rechnn. The tmai apertnre, like the 
pylorus, is snrronnded by a strong ring of mnscnlar 
fibres, or sphincter, which keeps it secnrely shut, except 
daring defecation. 

The Glands of the Intestine are of three kinds. 
1. Lieberkuhn*s glands or foUideSy whii^ are simple 
tubnlar depressions of the nincoas membnne. Th^ 
are present in all parts of both intestines, bnt are largest 
in the large intestine^ mose partieelariy towards its ter- 
mioation. 

2. Peyer*s glands. These e«»i8zst of an oval saccohis 
imbedd^ in the mncons membrane, and riehfy snj^plied 
vith bloodressels, but apparently without any apertmre. 
They occur separately or aggregated in patches, and in 
the smaU intestine only, chie^ near the ifeo-CBBcal Talveu 
Glands very similar to these occur in the htt^ intestine^ 
chiefly m the csDcum and Termiform appendix, and have 
been termed lenticular glands. 

3. Brunner*s glands are confined to the daodenum; 
they are minute lobulated bodies, situated in the naost 
internal portion of the mucous layer, and opening bj 
specud ducts upon ihe surface. 

The Iixrer, The Uoer is a large glandular organ^ of 
a dark red colour, situated immediat^y below the 
It is the largest gland in ihe body> and in 
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ffae adalt veigliB aboyt four ponndg. It has an incom- 
plete covering of peritoaenm. Its upper part is ronnded, 
and fits into the aroli formed b; the diaphrag^m. Below, 
the liver is irregnlarly concave, and divided by deep 
fissorea into several portious called hbet. It rests upon 
tlie stomach, dno- 
dennm, right kid- 
ney, and some 
other parts At 
the hinder part 
and towards the 
' right side the 
lobes are thick, 
' bat in front they 
are thinner The 
chief supports of 
the liver are three 
bandfl of fibrous 
tissae, formed by 
, the peritonenm, 
■ known as the 
' broad and the two 
lateral ligarnenU. 
Each lobe of the liver is fonnd npon close inspectioa 
to be formed of ft great nniiiber of small bodies, called 
lobulet or acini, abont j^ of an inch in diameter. Each 
hbule consists of an aggregation of nucleated ceils 
(p. 158) called the hepaiic ceUs, among which ramifies a 
close network of capillaries. The liver is supplied with 
blood from two sonrcee ; first, the hepatie a/rtery, which 
is given off directly from the aorta, rapplies arlwial 
blood ; and, tecond, the portal vein, brings the blood that 
has oircnlated through the vessels of the intestines, etc., 
which is consequently verums. The blood leaving the 
liver is collected into several vessels called the hepatii: 
veins, which open into the vena cava inferior. 

The distribution of the bloodvessels in the liver is 
somewhat compHcated. The manner in which they 
enter that organ will be best understood by reference to 
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Ibe portal vein, h^atic artery, and kepatui diid, acoom- 
pffiiy each other in their ramiBeatioii among the lobdes. 
The portal vein enbdivides into email brancheB which 
ran between the lobules (and are therefore called ittter- 
hbular veueb), and give off atill 
I , smaller bran<jhes, W'uch peBetrsto 
■~ the lobnles, and Inhale npfhtoadense 
capillary network, in the meshea of 
whioh are the hepatioteUe. These 
CBptllarieB are then collected into ft 
i vessel called the tntra-hbular vnn, 
l%Thich occnpiea the centre of each 
T lobnle, and opens into ooA of the 
branches of an hepatic vein. The 
h^atie oHery also sends out between 
_^^^ -~- the Zotwles branches which commn- 
"ruoii^ nicate with the capillary network 
ot idifi, within each lobule. 

The liver is coatinoally secret- 
ing a flnid called bile, which is conveyed into the dito- 
d^um by a tube known as the hepatie duet. 

When digestion is not going on the aperture by whioh 
the kepatie duct commonicates with the duodentun is 
closed, and the hile flows into a sac called the gaU 
bladd^-, where it is stored up nntil reqaired. The gall- 
bladder is connected with the hepatic dnct by a tnbo 
caUed the a/sUc duct. 

The Bnbdiviaions of the hepatic duel have been clearly 
traced as &r as the surface of the hbules ,■ but concerning 
the maim er in which the branches terminate, tiiere is 
some diversify of opinion ; probably the ultimate ramifi- 
cations communicate with spMM between the hepatio 
cdU (fig. 25). Althongh we may not be quite clear as 
to how it is accomplished, yet it is certain that the 
flmd secreted by the lobule* finds its way into the 
h^atic duet, 

Ponetions of the Liver. Besides the important 
functioa of secreting bUe, the liver possesses the power 
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of materially altering the oondition of some of the 
constitoents of the blood passing throngh it, and this 
results in the for- 
laatian of the kind ' 
of BQgar called v 
glacosa or gr. 

BUe. The hUe^\ 
is a slightly olka- 
line, jellow fluid, 
Trith a very bitter 
taste. About 80 
or 40 oonoea are 
secreted daily. 
This secretion 
takes place con- 
tinoally, bat is in- 
creased when di- 
gestion is goingon. 

The follomag i^^A^'b 
tB,ble will serve to '™*' 
show the composition of hile, although the proportions 
of the constituents vary in different examples. 




Ox Gall ob Bilb. 



Taniocliolata <^ Sodsj 
^S^ ] «'lo'«in8 matters ? 
Fat and CholeBterin . . ) 
Mineial mattoTB . 
Mnona ..... 



680-00 
00-00 

13-42 
15-21 



The most important of the above constituents are the 
iaivrocholaU and ghjcooholaie of soda, which form tho 

That the hUe is derived from blood brought to tha 
liver by the portal vein, and not from that brought by 
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le hepatic artery ^ has been proved by . experiment. 
(Then the hepatic artery of a dog was tied so as to 
revent its blood passing into the liver, the bile con- 
nned to be secreted ; bnt when a similar ligatnre was 
ut ronnd the portal vein, the secretion of bile ceased. 

Two purposes are served by the secretion of bile, viz., 
[le elimination from the blood of certain deleterious 
abstances, and the formation of a fluid which assises 
1 the process of digestion. The uses of the bile are 
ery imperfectly understood. It neutralizes the acidity 
f the chyme, and has the effect of reducing fatty 
latter to a fine state of division, or kind of emuUiori ; 
eing alkaline, it also mixes to some extent with the £a.ts, 
nd so forms a kind of soap, which is very easily ab- 
orbed bv the lacteals. It also moistens the villi, and 
nables them to absorb more readily. A certain per- 
Lon of the hiU is re-absorbed by the intestine, but it 
ecomes so entirely changed that it cannot be detected 
□ the blood. 

Glucose, Although no trace of saccharine matter 
lay be discernible in the blood of the hepatic artery or 
tortal vein, yet the blood which leaves the liver by the 
epatic vein always contains more or less glucose. This 
as been proved in the case of animals fed entirely upon 
esh, where, although no sugar was taken into the 
^stem, yet glucose could always be found in the hepatic 
nn. The formation of glucose in the liver may be shown 

1 another way : take the liver from an animal just killed, 
ad wash out the bloodvessels by forcing water into 
le portal vein until it issues from the hepatic vein free 
'om sugar. If now the liver be kept in a warm place 
ir some hours, abundance of sugar will be found in it. 
lucose is not formed directly from the blood; bnt 
ycogen, an amyloid substance resembling starch, is first 
*oduced, and then quickly changed into ghicose by a 
■ocess of fermentation in the blood. 

Pancreas. The pancreas, commonly called the sweet- 

ead, is a tongue-shaped gland, of a pale cream colour. 

is situated behind the stomach (fig. 26), its larger 
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end beiDg placed in the curve of the daodemim, and its 
amaller in contaot with the spleen. It is very similar in 
stractnre and function to the salivary glands. The small 
vessels conveying the pancreatic secretion from the 
hbiUef unite to form the single ptmereatio duet, vrhich 
generally opens into the hepatic duct near its entrance 
into the duodenum, bat sometimes into the daodeuam 
itself. The se- 
cretion of paitt- 
oreatie fluid is 
mncli leas con- 
stant than that 
of bile, 
takes plaoe I 
chieSy during 
digestion, and 
flows into the 
duodenum . The 
pancreatic fluid 
when fresh is 
alkaline, and ! 
contains a sub- 
stance called 

pancreatin. It resembles saliva, 
tulphocyanide of potaasium,. By it starch is converted 
into dextrine and imgar; and in conjunction with the 
bile it assists in converting the chyme into chyle. 

Intestinal Digestion. We have already seen that 
the starchy matters of the food are partly converted into 
sngar by Uie saliva (p. 40), and that this process is to a 
greater or less extent stayed in the stomach by the effect 
of the acid of the gastric juice upon the ptyaHn (p. 43). 
The nitrogenons materials being acted upon by the 
gastric juice, are more or less dissolved, and the fatty 
matters are broken up, and mixed with the other con- 
stitnents of the food. The fluids in the stomach and the 
portions of nitrogenous matter which are in a state of 
solution are, to a considerable extent, absorbed by the 
walls of the stomach. 
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The changes which the food nndergoeB in the intesiiiieB 
have now to be considered. The cAy«a, passing through 
the pylorus, enters the dnodennm, and is acted upon by 
the bUsj panoreati^i jnice^ and by the fluids secreted by 
Brunn&r^s and UeberkuhrCs glands; but the precise 
mode in which each of these fluids acts is not known. 

The most important change which the chyme under- 
goes in the intestine is that its fatty matters are so 
emnlsified and otherwise altered as to make them easy 
of absorption by the villi. The alkali of the hUe 
neutralizes the acid of the gastric jnice, and the con- 
version of Btarck into sugar which was ahnost stopped in 
the stomach now goes on again rapidly. These changes 
convert the chyme into what is known as chyle. Nitro- 
genous matters also continue to be dissolved in the 
intestine. 

The peristaltic movements of the intestine (p. 45), 
cause the chyle to move towards the lower parts of the 
bowel, the nutritive portions being absorbed as they pass 
along. It appears that most of the fatty matters find their 
way through the epithelium of the villi into the lacteal 
vessels, while the nitrogenous and saccharine consti- 
tuents are absorbed chiefly by the blood capillaries of 
the villL 

As the chyle approaches the end of the small intestine, 
it becomes more and more alkaline, and most of the 
nutritive matters with a certain proportion of the fluids 
have been absorbed. But soon after passing the ileo- 
C89cal valve, it again becomes acid. This is probably 
due to the fermentation of some portion of 'tiie food. 
Absorption of the nutritive matter and fluids still goes 
on in the large intestine, but to a much less extent 
than in the smaU. Those portions of the food wbicli 
are not digested as they pass along the intestine become 
more and more solid, and acquire a peculiar coloni 
and odour; the colour being due to the colouring 
matters of the bile. They are then collected in the 
rectum, and periodically expelled. 

Absorption. The manner in which the fatty portions 
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of the ehyle find their way through the walls of the villi 
into the lacteal vessels is not yet definitely known. It 
appears that the fatty particles in an extremely fine 
state of subdivision, are first absorbed by the epithelial 
cells of the mncbns membrane, and then pass into the 
lacteal vessels ; but how they pass from the one to the 
other is not known. 

The- absorption of solutions of sugar, albumen, etc., 
by the capillaries is ^fieoted by the physical process 
called osmosis. It is found that when two fluids of 
different densities are separated from each other only 
by a membrane, they pass through the membrane to 
each other, the one that is less dense passing through 
much more rapidly than the other. The passage of a 
less dense to a denser fluid has been termed endosmosis ; 
while the passing of a denser to a less dense is known 
as exosmosis. 

Hunger and Thirst. The sensation of htmg&r is felt 
in the region of the stomach. It does not, however, de- 
pend simply upon the condition of that organ, but arises 
from a want of nourishment in the tissues generally. 

Nutriment introduced into the blood, without going 
into the stomach, reheves the sensation of hunger. 
Solid substances, even if they are not adapted for food^ 
will, however, when introduced into the stomach, allay the 
feeling for a time. 

The sensation of thirst is experienced apparently at 
the back of the mouth and fauces ; but is due to a want 
of liquid in the blood of the system generally. 

Thirst is only relieved for a very short time by 
moistening tEe fauces; but by introducing liquid into 
the stomach, where it may be absorbed, or directly into 
the blood, the sensation is completely relieved. 

Practical Section. 

Examination of the Alimentary Canal. The yarions parts of 
the alimentary canal should now be carefully examined, and the 
student should read the descriptions of the various organs given 
in the former portions of this chapter, and compare them with 
the parts of the rabbit. 
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A rabbit recently killed shonld be laid npon its side, and an 
incision made in the skin from the comer of the mouth backwards 
to the shonlder, and the skin turned aside and removed from the 
whole side of the head and lower jaw. The paroHd gland will be 
found just below the ear, and the membranes, etc., which cover 
it should be carefully dissected off. The tubmaxiUary lies below 
and within the jaw. The sublingttal glands should be sought for, 
but they wOl require more careful dissection. 

The lower jaw of the side being examined should now be 
removed: to do this, first separate, with a strong knife, its two 
halves at their junction in front ; then cut tbxou^ the muscles 
of the cheek and other parts by which the lower jaw is attached, 
and remove it from its socket. This will lay open the cavity of 
the mouth. The teeth will be seen to be very different from those 
of man. The tongue, palate, and uvula should next be examined. 
The animal may then be laid upon its back, and the abdomen and 
thorax opened as before described. There wlQ, however, be no 
occasion to leave the band between the two cavities as was then 
done. 

A wire with a rounded end should be passed down the throat 
until it enters the stomach, and the tube through which the wire 
passes (the cesophagtu) be laid open with the knife. 

The oesophagus is now cut across just below the diaphragm, 
and the portion attached to the stomach held with the forcei>s so 
as to raise the stomach, the mesentery being cut through to allow 
the stomach, with the liver and intestine, to be removed. Tbe 
lower part of the rectum should be tied tightly round, and then 
cut through below the ligature. The stomach may be separated 
from the intestine, opened, and washed, and then examined with 
a hand-lens. The same may be done with portions of the small 
and large intestine, and the differences between the intonal sur- 
faces of these parts noticed. 

Many of the more minute i>arts mentioned in the text, such as 
the structure of the Uver and of the walls of the stomach, etc^ 
are only to be made out by special modes of preparation and with 
the aid of a microscope. 

Artificial Digestion. Digestion may be imitated in the fol- 
lowing manner. Take the stomach of a newly killed rabbit, and 
having laid it open, scrape off the mucus from its surface, and 
mix it thoroughly with diluted hydro<^oric acid (one part of 
acid to 100 of water), put the solution of pepnn thus formed into 
ft bottle along with a small portion of lean meat chopped fine. 
Keep the liquid continually agitated at a temperature of about 
100** F., and the meat will gradually dissolve. If the temperature 
is not kept up, the process will stop. When the bottle is allowed 
to stand quietly, it takes a much longer time for the meat to 
dissolve. 

Osmosis. Tie a small glass tube tightly in the neck of a 
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email thin bladder, and then fill the bladder with some dense 
fluid snoh as strong solntion of salt. If this be now placed in a 
vessel containing water, the salt solution will be found to rise 
gradually in the tube, owing to the water passing in througl^ the 
membrane faster than the salt solution passes out. 



CHAPTER VI. 
THE BLOOD. 

Uses and Composition. The blood is the red fluid 
which circulates through the arteries^ capillwiries, and 
vei/ns. Its uses in the system are very varions and 
important. It carries the nntritive materials to all the 
tissues of the body, and the products of waste to those 
organs whose function it is to eliminate and discharge 
them from the system. From the hhod the various 
secretory glands aerive the materials for their secre- 
tions. The blood also carries to all parts of the system 
the oxygen it receives in the lungs. And again, it is 
by means of the blood that the temperature of the body 
is equalized. It is essential to the life of the tissues 
that they receive a proper supply of blood ; that is to 
8ay, they must be so situated with regard to the capil- 
laries that the nutritive matters contained in the blood, 
and exuding through the walls of the vessels, may get 
to the tissues, and that the products resulting from their 
waste may pass into the blood. 

Although apparently a homogeneous fluid, the blood, 
when examined with the microscope, is seen to consist 
of a colourless fluid termed the plasma, or liquor sangui- 
nis, in which are suspended great numbers of minute 
bodies, called the hhod corpuscles ; these are mostly of a 
red colour, but some of them are colourless, and are 
distinguished as the white or colourless corpuscles. 

Blood is an alkaline fluid somewhat heavier than 
water; it varies in colour from bright scarlet to a deep 
purple, according to the part from whence it is obtained. 
That which issues from a wounded artery is bright 
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• 
scarlet, and is termed arterial hlood ; while that issuing 
from a vein when cnt is purple, and is called venotu 
hlood* 

The difference in the colour of the blood depends 
npon the amount of oxygen which it contains ; the 

scarlet colonr being caused by the pre- 
sence of a greater quantity of oxygen, 
and the pnrple by a deficiency of oxy- 
gen. The amount of carbonic acid is 
always greater in venous than in arte- 
rial blood. (See Bespiration.} 

The quantity of blood in the body is 

said to be about -^ or ^ of its entire 

weight. The temperature of the blood 

Fte. V Hnmaa Wood ^ maintained very constantly at abont 

Ciirpiuelas (ma«iiifi«d 900 1 QO^ F 
dixmeten): a, x«d corpa^^ * 

cie^siboTOic c«itt»i do- Coagulation of the Blood. If 

S2'iw£ S^SJS?? blood be drawn from the body and 
?^g^*^-^ _^ "*^ » allowed to stand quietly for a few mi- 

nutes, it will be fonndto lose itsflnidity* 
and become semi-solid or jelly-like. After a time the 
mass contracts, and a yellowish fluid called 8erun% is 
pressed out. The solid portion, known as the clot or 
crassaTnentuniy will float in the serum. 

The change in the blood just described is called 
coagtUaHony and is brought about in the following 
manner: — It has been ascertained that the plasma of 
blood contains two peculiar substances, closely allied to 
globulin (p. 29). One of these, termed fihririoplastin 
or paraglobulin, is closely allied to> if not identical with, 
the globulin of the red corpuscles. It may be obtained 
not only from blood plasma, but also from chyle^ lymph, 
connective tissue, the crysi»lline lens, etc. The aectxid 
substance, called jS^rwiogwn, may be obtained from blood 
plasma and also from serous fluids, snch as {lericardial 



• The indmonaiycrtfrsrjieldsiwjrpte Wood, «i^ 
vtm BMrlei blood ; the reason of Uus will be obvious wbea th 
ehanges which the Uood undergoes in the lungs are considered 
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fluid, p. 15, etc. When these two substances unite 
a fibrous material is formed which has received the 
name of fibrin. If a small portion of coagnlated blood 
be examined with a microscope, it will be seen to consist 
of a mass of these fibres in which the blood corpnsdes 
are entangled. 

From what has jnst been said, it is clear that fibrin^ 
as snch, does not exist in fluid blood, but is the resnlt 
of the combination of the two substances, fibrinogen 
and paraglobulin. Fresh blood, then, consists oipl€mna 
and corpuscles; coagulated blood of serum, fibrin, and 
corpTiscles ; consequently, as fibrin is derived from the 
plasma, it is obvious that serwn is plasma, minus the 
^materials which form fibrin. 

Under ordinary circumstances, when blood coagulates 
tlie fibrin is formed before the corpuscles — ^which are 
slightly heavier than the plasma — ^have had time to 
settle down, consequently they become entangled with 
the fibrin. But if by any means coagulation.be retarded, 
or the corpuscles be made to sink more rapidly, fibrin 
may be obtained free from corpuscles. 

ioi cases of inflammation blood is found to coagulate 
much less rapidly than usual, and the coagulation 
presents certain peculiarities. In the first place the 
fibrin, being formed less quickly, the corpuscles have 
time to sink ;• they also have a greater tendency than 
usual to run together into rolls (p. 59), and this con- 
dition helps them to sink through the plasma more 
readily. Thus it is that in the clot of inflammatory blood 
the red coi'puscles are only found in the lower part. 
The upper part has an opalescent whitish appearance, 
and is known as the huffy coat. This kind of clot con- 
tracts more than ordinary clot, and its surface presents 
in consequence a peculiar cup-like form. 
Oondiiions which hasten Ooagulation : — 

1. A moderate temperature, 100° to 120° F. hastens 
coagulation. 

2. Contact witb foreign bodies. Blood allowed to 
flow into a vessel begins to coagulate first where it is in 
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ontact with the vessel. A wire thrust into a yein 
becomes coated with fibrin. "When drawn blood is 
itirred with a bundle of wires or twigs they become 
coated with fibrin. 

3. Best is generally fayonrable though not essential 
}0 coagnlation. 

Oonditions wMch retard Goagulation: — 

1. Cold has the effect of retarding coagulation, and it 
is said not to take place at all when the temperature is 
below 40° F. 

2. Contact with living tissue keeps the blood fluid for 
a very considerable time; this is especially the case with 
living bloodvessels. 

4i, The addition of a sufficient quantity of many saline* 
matters, especially sulpJiate of soda, effectually prevents 
coagulation ; but if water be added, so as to dilute the 
salt, coagulation takes place. 

Plasma. The constituents of blood vary in proportion 
in different individuals, and in the same individual at 
different times. On an average out of 100 parts of 
blood 79 are water and 21 solid matter. The plasma 
and corpuscles exist in very nearly equal volumes, the 
plasma being slightly in excess. As we have already 
seen, the plasma contains paraglobulin and fibrinogen, 
which are the constituents of fibrin. Alihoughfibrm plays 
such an important part in the process of coagulation, the 
gimount of it in the blood is extremely small, 1000 parts 
3f healthy blood yielding only from 2 to 4 of fibrin. 
The serum, that is, the plasma minus its fibrin, is an 
ilkaline fluid containing about a ninth part of its weight 
Df solid matters. Albumen fgrms about 8 per cent, of 
:he seru/m, the remainder consisting of fatty, extractive, 
tnd saline matters dissolved in water. 

Hod Blood Corpuscles. It is the red corpuscles which 
jive to the blood its characteristic colour. These' bodies 
ire soft and flexible, and have the form of round discs, 
in man their diameter is about ^^nsir of an inch, and their 
hickness about yoo66 of an inch. Their surfaces are not 
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under the zmcrosoope they exhibit a central part, which, 
according to circumstances, appears lighter or darker 
than the surrounding portion. This central part must 
not be confounded with the minute spot or nucleus found 
in the red blood corpuscles of some animals ; for the red 
corpuscles of human blood have no nucleus. 

The tendency of the red corpuscles to run together 
has been already alluded to under coagulation (p. 56). 
Soon after blood has been drawn, the red corpuscles 
become attached to each other by their flattened surfaces, 
forming rods or rouleaux, which join together in an 
irregular kind of network, a small portion of which is 
shown at flg. 27, c. 

Each red corpuscle consists of a tough outer coat con- 
taining a fluid or almost fluid material of a red colour, 
known as koBmoglohm, and sometimes called oruor, 
Mcemogldbm may be resolved by certain processes into 
ghbulin and a colouring matter called JuBmatm, The 
true colouring matter of blood corpuscles in its natural 
condition is crttormf but in the process of separating 
it from the globulin it becomes slightly changed in 
character, and is then termed hsBmatin. Haamatin 
contains a considerable proportion of iron. 

White Blood Corpuscles. The white or cohwiess 
corpuscles are larger and far less numerous . than the 
red. They have a diameter of about f^^ of an inch, 
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and are nucleated; that is, they have in their interior 
a small rounded body or nucleuSy which in rare cases 
only is red. Their great peculiarity is that while alive 
they are constantly changing form. Fig. 28 will give 
some idea of the shapes assumed. A portion of the 
soft material of which the corpuscle is composed, is 
slowly thrust out at different points, and then gradually 
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withdrawn again. In fact, these colourless corpuscles 
exactly resemble those low forms of animal life known 
as amosZ^ce, which inhabit stagnant waters. 

The following table shows the constituents of blood 
in about their average proportions. 

Wateb 784*0 

rcorpn^le. {f^-fj*} 131-0 

Piumir J Albumen . . . 70-0 

riasma 1 patty matters . . . IS 

I Saline matters *> ^ ^ ^ 

ABxtractive matters) * ^^'^ 

1000-0 

Gases of thia Blood. Jt is found that 100 volumes 
of blood contain on an average about 40 or 50 volumes 
of gaseous matters. The gases are the same as those 
found in the atmosphere, namely, carbonic acid, oxygen 
and nitrogen ; but the proportions in the two cases are 
very different. 

Blood has a much jgreater power than pure water of 
absorbing oxygexi. Tms property is apparently due to 
the red corpuscles. Serum alone has comparatively 
little power of absorbing oxygen; while the red cor- 
puscles if suspended in pure water at)sorb this gas 
freely. A solution of haemoglobin absorbs oxygen in a 
similar manner. The oxygen absorbed by the blood 
combines very loosely with the haamoglobin, so that it 
it is veiy reaSily given up in tjhe system when required. 

Blood Crystals. HsBmoglobin under certain condi- 
tions exhibits the peculiar property of crystallizing. 
The crystals of human blood have a prismatic form, 
but are di£&cult to obtain! Crystals are much more 
easily obtained from the blood of some of the lower 
animals, as the dog, rat, guinea-pig, etc., and they are 
found to vary in form according to the animal. 

Changes which the Blood undergoes in the ^ody. 
It has been already mentioned that the blood existis in 
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the body, in two different conditions, viz. ; arterial and 
venovs. The most obvions difference between them is 
their colour, the former being bright scarlet and the 
latter pnirple. But the most important difference is in 
their compo- 
sition. At' 
terial blood 
contains more 
oxygen and 
less carbonic 
acid than the 
venausy and 
somewhat 
more fihrm^ 
and rather 
less albumen 
and fai. If _ 

VenOnS blood p„. jg, jiood emtali inAgniAed. 1., from htnnan blood ; H., 
be exposed to ^'"^ guloAa-plg ; WX- Inni 4q«icr«} ; XV., trom huuter. {q^uain.) 

the air it soon changes colour and becomes arterialized. 
If, on the other hand, arterial blood be exposed to carbonic 
add it gets darker, and becomes at lengfch yenons ; bnt 
this change does not take place so rapidly as the former. 
The same changes take place, bnt more slowly, when a 
thin moist animal membrane intervenes betwe^i the 
blood and the air or carbonic acid. 

The blood passing through the capillaries of the Inngs 
is only separated from the air by a very delicate mem- 
brane (p. 78), and tiierefore part of the oxygen con- 
tained in the air is absorbed by the blood, and part of 
the carbonic acid contained in the blood passes through 
the membrane and becomes mixed with the air, the 
venous blood thus becoming arterialised. (See Besjdrar- 
Hon.) 

Why the absorption of oxygen and the giving up of 
carbonic acid causes the blood to assume a bright red 
colour is not known with certainty. It has been thought 
that the red corpuscles are somewhat flattened by the 
presence of oxygen, and slightly swelled by carbonic 
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acid, and that in the former case they reflect the light 
more strongly, and therefore give a brighter appearance 
to the blood. This may have some effect in producing 
the bright colonr, bat probably it is chiefly due to the 
fact that hsBmoglobin when, combined with a certain 
amount of oxygen is of a dark red colour, but if com- 
bined with a larger proportion of oxygen, it assumes a 
much brighter appearance. The quantity of carbonic 
acid in the blood has much less effect upon its colour 
than the amount of oxygen. 

The conversion of arterial into venous blood takes 
place in the capillaries of the body generally, a con- 
siderable proportion of its oxygen being used up in the 
process of oxidation; the amount of oxygen used 
depending upon the quantity of material oxidized. The 
carbonic acid formed in the process of oxidation, passes 
through the walls of the capillaries into the current of 
the blood. 

The composition of the venous blood in different parts 
of the body varies considerably: for instance that re- 
turning from the stomach and alimentary canal i^ more 
or less charged with the soluble portions of the food 
which have been absorbed. That issuing from the liver 
by the hepatic veiu always contains glucose, and that 
returning from the spleen is usually deficient in red 
corpuscles, and contains an unusually large proportion 
of the colourless corpuscles. 

Practical Section. 

Ooagalation of the Blood. This may be seen by simply 
allowizig some freshly drawn blood to stand quietly for a short 
time. If one or two drops are allowed to fall upon the bottom of 
an mverted saucer, and then covered over with a watch glass, a 
piece of wet blotting paper being placed xmder the glass to keep 
the blood from drying, it will be found that the blood loses its 
fluidity, and becomes jelly-like. If a larger quantity be allowed to 
stand in a basin or other suitable vessel, the phenomena .men- 
tioned on p. 56 may be observed. 

Coagulation retarded by the Addition of Salts. Make a 
Batnrated solution of sulphate of toda^ and dilnte it with an equal 
quantity of water. Take a wide-mouthed bottle, and put into it 
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ftl)6nt one-fifth afl mnoh as it will hold of the above Bolntion. 
Then fill np the bottle with frethly drawn blood, which may be 
obtained from a batcher's slanghter-honse, and if possible dionld 
be got into the bottle direct from the animal. Well mix the two 
flnids by shaking, and then allow the mixture to stand quietly. 
Under these concUtions the blood will not coagulate ; and further, 
the blood eorptueles, being heavier than the plasma, will sink to 
the bottom, leaving the plasma as a more or less dear fluid. 

When the corpuscles have sunk to the bottom of the bottle, let 
some of the dear fluid be carefully decanted into another vesseL 
To show that this fluid contains the materials necessary for 
coagulation, add to it about one-fifth of its volume of water. It 
will then be found to lose its fluidity, and to become a jeUy, as in 
the first experiment ; but being Iree from red oorpusdes, it will 
be almost colourless. 

Blood Corpuscles. In order to examine blood corpuscles 
a moderately powerful microscope is necessary. Let a small drop 
of blood (which may be readily obtained by priddng the finger 
with a sharp needle) be placed upon a dean slip of glass, and 
covered with a piece of thin glass, such as is ordinarily used for 
miorosoopio purposes.* By this means the blood is spread out 
into a film, and may be examined with the microscope. At 
first the corpusdes will be seen as pale disc-like bodies fioating 
in a clear fluid. After a time they will be observed to stick 
to each other by their flattened faces so as to form the rows 
already mentioned (p. 69). The colourless corpuscles are to be 
seen among the red ones, but they are much less numerous. The 
amoaba-hke movements of the colourless corpuscles, which take 
place very slowly, are most easily studied in the blood of the 
newt. The best way to see them is to take a drop of blood from 
a newt just killed, and arrange it on a slip as above directed, 
then carefully surround the thin glass cover with a rim of oil to 
prevent the blood drying ; get a colourless corpuscle fairly in view 
in the field of the microscope, and draw its form upon a piece of 
paper. After letting it stand quietly upon the microscope for a 
few minutes, draw it again, and observe the difference in its form. 

The red corpuscles of newt's blood will be observed to be larger 
than those of human blood; to be oval and not round ; and to 
have in their interior, a small body or niiclew which is not 
present in human red corpuscles. 

The colourless corpuscles of both the human and newt's blood 
have a nucleiLS, 

The nuclei of the blood corpusdes are better seen if a drop of 
magenta staining fiuid (see Appendix) be allowed to run under 



* Both kinds of glass may be obtained at any shop where microsoopio 
materials are sold 
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the thin covering glaBS, as the nneletui irin heoome mote deeiHy 
stained than the rest of the oorpnsole. ^^ readily 

Blood Oryrt.1.. Crystals of h-mo^ob"' a» »^^^S. 
ohtained from the Wood of some ammtds than fro"* *^' ^p of 
One mode of obtiuning them is the foUowmg. Le* * JS^* of gtasB. 
perfectly fresh gvinea^g't Mood faU upon a clean d^ « J^^* 
S be left to wagnlate. Then add a «naU f^ ^^^^ 
and after a short tone lift tte mj^s 'ittj *»»• ^H^iSi Kr 
s<nne smaU drops of the fluid upon another glass »>^^^°r ^e 
them to evaporate, when crystals will be formed, and may •» 
viewed with the microBCope. 



CHAPTER Vn. 
ORGANS, OF CIRCULATION. 

General View of the Circulation. Having con- 
sidered the nature of the blood, it now becomes n?^^*^ 
to understand the manner in which t la d.l?*rJ^^J 
through the body. In order to do this it vvill be well 
first te notice the general course of the circ«^°^^? 
secondly, to study more in detafl the organs )>y T^^ 
circulation is ao<i.mplished. There are two mam cowws 
in which the blood circulates, viz., the System-,^ or greatet 
circulation, and the Puhwnwry or ^««r«»«'°i?*'°^„^ 

a. Systemic CirodaMm. Let m trace the cou^ 
^hich the Hood takes, starting say from Ae Up ^entrt^ 
unta it returns to that point agam. On l^y™g *°« 
m verdriole the blood, which is then arterval, pa^s 
iito the aorta, and thence by branches termed systemic 
arteries to all parte of the body, the ^>««<^«« ^^*: 
ing and snbdiViding, get smaller and smaJler, ontal 
Sly become extremely minnte and are termed the systenm 
ZmlUiries. It is in these that the blood becomes venons, 
fts described in the last chapter. . . xi, 

Cm the systemic capiUariee the blood passes mto the 
gvstemic veins, all of which commumcate at length vnth 
So large vessels, the veruB cav^. Through these the 
bCd if poured into the right a^U, thus compk^ 
ing the iyst^io or greater crculahon. AH blood 
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brought to the right auricle ia venoue. The blood then 
passes into the right ventnele. 

The blood retaming from the alimentary canal, is 
collected into a vessel called the veiia porke, which, 
entering the liver, divides and BubdivideB until it forma 
a meshwork of capillaries. After passing through these 
capiUariet the blood ia again collected, this time into 
the hepaUo veins which open into the inferior vena, cava. 
This passage of the blood through the liver is known as 
tbejporlai cirovlatimi. 

h. PuhnonOfTy Oireulatiim. From the right ventricle 
the blood flows into the pulmonary artery, whose 
branches open into the capillaries of the lungs. Iq pass- 
ing through these pulmonary eapU- / 
lariet the blood becomes arterial- 
ized. It ia then received into the 
pulmonary veine, and conveyed hy 
them into the left auricle of the 
heart. From thence it passes into > 
the lefi ventricle, the point from ' 
which we supposed it to start, and ' 
so completes the pulmonary or 
let$er eirculaHon. i, 

The Heart. The heart, as we 
have seen, is the central organ of 
the circulatory system. It ia by . 
means of its powerful contrac- 
tions that the blood is driven to 
all parts of the body. In size the 
heart is about equal to the closed 
fist of the person to whom it be- 
longs. It is placed in the thorax, 
between the lungs, but not quite 
in the middle line, its base being _^ 

turned upwards and backwards, "^ " n—^' 
and its apex downwards and forwards, reaching to the 
space between the fifth and sixth ribs, a little to the 
left of the sternum. 

It has abeady been stated that the heart contains four 
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chambers. The right auricle opens freely into the right 
ventricle, and the left awiele opens freely into the left 
ventricle ; bnt the chambera on the one side do not com- 
mnnicate directly -with those on the other. 

The heart is a ninscnlar organ, all the mnscles being 

of the striped kind, bnt their fibres are destitute of sar- 

j| colemma. (See Siaiolo^.) The 

vl^^A oralis of the two anricles are 

JWfiv thin, having simply to drive the 

r-^^JlL ft blood into the ventricles. The 

6 IjB^^V walls of the ventridee, in accord- 

^^jjJBBjt g anc8 with the mnch greater work 

a ^^^BBa|Hk ^'^^ ^i^v^ ^ perform, are thick, 
I^^KSS^^K^^ those of the left ventriole being 
^Hfi|^H|H|^^ mnch thicker than those of the 
^^^^■H^^^B right; the right ventricle having 
^I^^Vj^^l^B to drive the blood throngh the 
c.J^^WIB^^^y longs only, while the left has to 
y T^*^^ force it throaghont the entire 

Fn.iL yi,.<AxL^iM.^ bodhr. 

^!u7wd.'.l^^wcuu'»b^ Externally the heart is covered 
SnS^^M'SSS^"?°i'iim2; ^1 one layer of the ferieaxdivm^ 
JTai' niM •S5di7i.'m'':SSd ^""^ internally by a membranona 
S2liS/.'!2S'tt.»hJ£^^ ^d epithelid linii^ Called the 
5*iin*J^^Si"SK5!"M?- e^oeardivm. 
Vit^i^\^.S^'^^^™ .T^ heKtt itself is supplied 
with blood, by the two coronory 
arteriei which are given off from the aorta jnst above 
the semilnnax valves ; these arteriM, dividing and sub- 
dividing, conv^ blood to the tissnes of the heart, 
from which it is returned to the one cortmary vetn, 
whioh opens directly into the right aiuride. 

V«ss^ ooiuieot«d with the Heart. The right 
mmde has three vessels opening into it: the mtperior 
and the wiferior verue eaves, and the email coronary vein. 
The left auricle receives the four pulmonary veins. The 
right ventricle gives off the puhnonary artery, and the 
le/^givea off the aorta. 

^e Valves of the Heart and Arteries. Each 
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auricle c^ens freely into the vetitricle on the eame Bide 
of the heart, the aperture beioff goarded by certain 
membrananB folds or valves. These valves are sup- 
ported upon a fibrous ring anrronnding the anricalo- 
ventrioTilar aperture, and project inwards and down- 
wards, forming fiapa whose inner edges are connected 
either by slender tendinous cords (cAordos tendinece) 
^th pillar-like elevations of the walls of the ventricles, 
termed papiUary muscles, or c a 

with certain little mnscnlar 
pillars (eolumniB earneiE) ris- < 
ing from the walls of the ven- 
tricles. 

The resnlt of this arrange- 
ment is that the pressure of ^ 
the blood in the auricle act- 
ing npon the upper surface 
of the valves causes them to 
fall back against the walls 
of the ventricle, thus leaving \ 
the aperture open. But when ' 
the ventricle contracts, the i 
blood getting behind the flaps 
forces them apwards, and cause _ 

across the aperture, effectually closing it. The chordee 
tendineie prevent the edges of the valves from being 
carried into the auricles by the pressure of the blood. 

The right auriculo- ventricular aperture is guarded by 
three of these flaps, which together form what is known 
as the triaitpid valve. The valve of the left anriculo- 
ventricalar aperture has only two flaps, and from its 
resemblance to a bishop's mitre, is called the mitrai 
valve. It is sometimes termed the bicuspid. 

The aperture between the left ventricle and the aorta, 
and that between the right ventricle and the palmonary 
artery, are each strengtheued by a fibrous ring support- 
ing three pouch-like valves which allow the b!ood to pass 
ont of the ventricles, but completely close the aperture 
against its return. These valves, which are in botu cases 




3 them to meet together 
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called temHunar valves, are the only ones found in the 
arleriet. 

TalveB of the VeinB. At the point where the in- 
ferior vena cava opens into the right auricle there is a 
membraooaB fold termed the 
Eustachian valme ; and many of 
the veins of the body have at 
intervals in their conrse folds of 
the lining membrane so placed 
SB in some measnre to pre- 
vent the blood passing in anydi- 
rection bnt towards the heart. 

Beating of the Heart. The 
muscular fibres of the heu^ are 
so disposed, that trhen they 
contract the cavities of the 
FifTn. v.ii-iijt 'iiM~ •.Hi- heart are very mnch rednced in 
ml litw o( y>iu duimiiBa "iui blood ; size. The contractions take 
Ttint:e.nicMaasv<u>Miiawfoazb. placs in a retnilar and definite 
manner : Sist, simnltaneonaly 
the two anricles contract; then immediately afterwards 
the two ventricles ; after which there is a pause before 
the contractions are repeated. The state of coutiaction 
whether of an auricle or ventricle is termed its systole, 
and their state of relaxation dnring which they dilate, 
is termed their diastole. The heart's action is not 
under the infiaence of the will, but is altogether invoU 
unlam/. At the same time, certain affections of the 
mind have a considerable effect upon it. 

The iNervoB of the Heart. The heart is aapplied 
■with three kinds of nerves : first, it receives branches 
from the jmeumogaatrie neriie (p. 110) ; second, &Y>m the 
sympathetic system; and, thirdly, it has nerves which 
are connected with ganglia situated in the heart itgel£ 

The regular rhythmical contractions of the heart ap- 
pear to depend upon the last set of nerves. 

Certain emotions, such as those of great joy or sorrow, 
acting through the other sets of nerves, very materially 
interfere with the regular action of the heart Thns it 
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appears that Vhen the sympathetic nerves are tinduly 
excited, the beating is accelerated, inducing what is 
called ^palpitation of the heart. If, on the other hand, the 
pnenmogastrio nerves are affected, the heart's action 
is retarded, producing fainting ; or it may be stopped 
entirely, and thus cause sudden death. 

The Effect of the Heart's Contraotion. All thd 
bloodvessels being full, let us suppose the auricles also 
to be just filled with blood. A contraction of both 
auricles takes place, the tendency of which is to force 
their contents into the veins and into the ventricles. 
The veins, being already foil, offer considerable resist- 
ance ; but the ventricles are at this time in a relaxed 
condition (their diastole), therefore the blood passes 
freely into them. 

The systole (contraction) of the ventricles follows, as 
we have seen, directly after that of the auricles. The 
effect of this would be to force the blood back into the 
auricles but for the mitral and tricuspid valves, which 
effectually prevent it. The other outlets from the v&n^ 
tricles are the aorta from the left, and the pvhnoiiary 
a/rtery from the right. Both these vessels are fall of 
blood, and consequently oppose considerable resistance 
to the introduction of more ; besides which, their semi- 
lunar valves are closed. But the force with which the 
ventricles contract is so great that the semilunar valves 
are forced open, and the blood is driven into both those 
arterial trunks. 

The systole of the ventricles being completed, their 
walls relax, and their chambers are ready for the repe- 
tition of the process above described; the semilunar 
valves preventing the blood from passing back into the 
dilated ventricles. 

Sounds of the Heart. If the ear be applied to 
the thorax of a living person in the region of the heart, 
certain sounds can be heard. First, there is a dull sound, 
somewhat prolonged ; then follows a sharp, quick sound, 
and then a pause, after which the sounds are repeated. 
This succession of soundsisheard ateverybeat of the heart. 
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The cause of the first sound is not exactly known, bai 
it is probably due chiefly to the closing of the auriculo' 
vmtrioulcNr valves, and partly to the contraction of the 
mnscles of the heart itself. The second, sharper sonnd is 
known by experiment to be caused by the sudden closing 
of the semilunar valves ; for when these valves are tied so 
as to prevent their closing, the sound is no longsr heard. 

The Structure of the BloodveBsels. It will now 
be necessary, in order to understand certain of the 
phenomena presented by the circulation, to consider the 
structure of the arteries, vems,. BJid capillaries. 

If the wall of a large artery be examined, it will be 
found to consist of several layers, (a) There is first, 
an epithelial lining (see Histology), which presents a 
smooth surface for the blood to flow over. (&) Then 
there are several layers of a highly elastic tissue, alter- 
nating with layers of unstriped muscular fibres which are 
wrapped round the vessel. It will presently be seen 
that the elastic tissue of these larger arteries plays a 
very important part in the circulation of the blood, (c) 
On the outside of the arteries is a coating of fibrous or 
connective tissue. In the small arteries the muscular 
layer is proportionally thicker than in the large ones, 
but the amount of elastic tissue gets relatively less. The 
muscular fibres, which are under the influence of the 
sympathetic nerves, regulate the supply of blood to 
the various organs and tissues. 

The large veins difler from the large arteries in having 
walls which are very much thinner, and which contain 
much less muscular fibre and elastic tissue. The smallest 
veins and arteries more closely resemble each other in 
these respects. Veins further difler from arteries in 
having certain valvular folds of membrane which are 
not found in the arteries. 

The fine threadlike vessels called capillaries, connect- 
ing the arteries with the veins, form a delicate meshwork 
which traverses almost all the tissues of the body. They 
are from -y^^ to -j-^ of an inch in diameter. In * 
the lungs they are even smaller than this. The meshes 
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whicli they form vary macli in size and character in 
different situations. The walls of these capillaries 
lu:^ composed of an extremely thin structureless mem- 
brane, in which small oval nnclei occur at intervals. 
The thinness of the walls of the capillaries allows the 
fluids they contain to exude through them for the 
nourishment of the adjacent tissues. 

The Pulse. If the finger be placed upon an artery 
(the radial artery, for instance, which passes along the 
wrist just below the thumb), a regular rise and fall, 
called the puhe, will be felt. The cause of the pulse is 
as follows : When the ventricle of the heart contracts, 
the blood is forced into the arteries ^ter than it can 
pass through them ; and as their walls are elastic they 
expand. This expansion does not take place throughout 
the body at the same time; but commences in the 
arteries next the heart, and gradually passes along them 
with a wave-like movement, which becomes less and 
less as it advances, until in the capillaries it ceases 
altogether, the blood flowiog there in a continuous 
stream. One of the results of this onward movement 
of the dilatation is, that the pulse occurs in arteries near 
the heart before it does in those which are more remote. 

There is no true pulse in the veins ; but in the larger 
venous trunks there is sometimes a kind of backward 
pulsation from the heart. 

If an artery be cut, the blood will issue in jerks. 
This is caused in the same manner as the pulse ; the 
force which would be expended in dilating the vessel 
were it entire, is expended in driving out the blood. 

Blushing and Pallor. What is commonly known 
as Hushing is entirely due to the fact that the part 
affected has a larger supply of blood than usual, and 
consequently becomes red and hot. Pallor is produced 
by lack of blood. We have already seen that muscular 
fibres surround the arteries ; and it is obvious that if 
these fibres contract the calibre of the vessel will be 
lessened, and that if they relax the calibre of the vessel 
will be increased. 
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N'ow imder ordinary aircnmetances the gympathetu 
nerves, which are dietribnted to these moBCular fibres, keep 
them slightly contracted. Bnt under certain menial 
emotioiLB, pleasurable or otherwise, the action of the 
sympathetic nerves is partly saspended- the result is, 
uiat the muscles become related, thereby increasing the 
capacity of the small arteries ; conseqaently a greater 
.quantity of blood parses through them, and the part of 
wie body to which they are distributed, receivmg an 
lannanal supply, becomes hot and red, or in other words 
is said to blnsh. Blnshing, which ia nstially confined to 
the cheeks, may extend to other parte of the body. 

Failor may be caused by extreme terror. It is pro- 
duced in a manner exacuy the opposite of that bf 
which blnshing is brought about. 

In pallor the iytrvpaih$tie n&ije is thrown into a state 
of greater activity. This causes the mnsdes of the snuJI 
arteries to contract more than usual; conseqaentJy 
less blood can pass through them, and the face, which is 
thepart uaaally most affected, becomes pale and cold. 

The fact that these changes are due to the influence 
of the gympathetie nerve can be shown by experiment. 

Eridenoe of Ciroulation. The structure of tjie 
heart and bloodvessels is such as to leave no douht that 
the blood circolatea in the direction described, for the 
valves of the heart and vessels would not allow it to 
flow in any other direction. 

When aJi artery is tied in a living animal, pulsations 
take place only on the side of the Ijgature nearest the 
heart, thus showing that the force whicli produees the 
pulse comes from that direction. If an artery Urns tied be 
cut on the side of the ligature fiirthest tenia the heart, 
as a role, Httle or no blood will flow out; but if it be 
cut on the side nearest the heart the blood will gush oat 
rapidly and in jerks, proving Utat the direction of the 
current of blood in the arteries is from the heart. 

If a Tcin be tied it will swell up on the side of the 
ligature furthest from the heart, while on the side nearest 
the heart it will become more or less emptied. 
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The most direct evidence of 
in Bome of ihe " 

lower animals, in 
\rliicli the vessels 
trarersing a thin 
membrane may 
be examined with 
a microscope 
while the animal 
is alive. The web 
between the toes 
of the frog's foot 
is perhaps the 
most easily ob- 
served. In it the 
blood oorpnsoleB 
may be seen with 
the greatest dis- 
tinctness coorsing 
through the ^te- 
ries, capillaries, 
and veins. fSee 
FracticaZ Section.) 

Lympha tio 



ircnlatjon is obtained 



the bloodvessels 
jnst considered, 
the bodypoasesBes 
another set of ves- 
sels known as the 
lymphatics. These 
commence in a 
kind of network 
found in almost 
all parts of the iSC 
body where blood 3° 
capularies exist. J^ 
They hav? not at ^^ 
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oted eitter in the brain, apinal cord, eyeball, gristlo, 
■ tendons. TJiis iwtworb differs from the blood capil- 
rieain only oommnnicfltijig with vesaels carryiog fluid 

The walls of the lymphatic vessels, although veiy 
iin, are similar in strnotare to those of veins. They 
■e composed of muscular fibre and elastic tissue, and 
■e lined with epithelium. They also possess numerona 
■ '' valves, whieh are mostly in pairs 

y and give to the vessels a knotted 
■ appearance (fig. 35). LymphaKca 
•"- differ &om veins in being much 
more aniform in size, and in being 
interrupted at many points of their 
course by certain rounded bodies 
termed Vymphatw glands, 
a Mqst of the lymphatics empty 
1 their contents into the thoraeie duel 
* (fig. 35) , a vessel about the size of a 
^1 crowqnill, which runs tip inside the 
vertebral column, and terminates by 
opening into the venona system at 
the point where the vein coming 
from the left arm (left suhelaman 
vein) joins the vein coming from the 
left side of the neck {left jugular). 
- ^-ajT The aperture at this point isguarded 

" fcl/ ^y * valve which prevents any blood 

.1. iju.i*.ii^ ,i»na flowing from the veins into the (to- 
vibaibi'^i^'t ''ttoic duct. The remaining lympha- 
uo°^i!2u'^ISa £ '''"s unit© and open in a similar 
^'■SSS'iolSS^ manner into the veins on the right 
-*="■> side of the body, 

entering a lymphatic gland the lymphatic vesseta 
'divided, forming a network of capillaries, which 
in united in the veasels which leave the gland, 
ymphatic glands are richly supplied with blood- 
but these do not commnnioate directly wi& the 
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lAOtealfl. This is only another name for the lym* 
pTiatics of the intestines. The small vessels ocenpying 
the interior of the vUli of the intestines, are the ter- 
minations of the laoiecbU (p. 45). The tronks of these 
U/mphatic8 or lactecds trayerse the mesentery as they pass 
from the intestine to join the thoracic duct, and the 
lymphatic glamds which are fonnd npon them at this 
part are termed myenteric gUmde, 

The lower, enlarged portion of the thorado duct which 
receives the lacteals is termed the receptacle or cigtem of 
the chyle, 

Iiymph. The flaid foxmd in the lymphatics, and 
termed lymph, is alkaJvne and contains nucleated cor* 
pnscles. It is in fact similar to blood in composition, 
except that the red corpuscles are absent and it contains 
a larger proportion of water. The chyle when absorbed 
from the intestine contaios granales, bat not nudeated 
corpuscles. The latter are only fbnnd in it after it has 
passed through sotae of the lymphatic glands. It is in 
these glands that the processi of converting chyle into 
blood appears to commence, for after passing through 
them, the fluid contains not only corpuscles but fibrin, 
and will coagulate spontaneously. Lymph corpuscles 
have the same structure as the colourless corpuscles of 
the blood. 

Lymph is constantly being absorbed by the lymphatic 
capillaries, and, eventually poured into the venous 
system. The quantity of this fluid thus added to 
the blood daily is probably about equal to the total quan- 
tity of blood in the body. Lymph consists partly of 
the chyle absorbed by the lacteals, but chiefly of blood 
plasma, which has exuded through the wcdls of the 
blood capillaries, and not having been again absorbed 
by the bloodvessels proper, is taken up by the lymphatics. 

Practical Section. 

DiBseotion of a Sheep^s Heart. It is best to obtain a sheep^s 
heart with the Inngs attached, as the position of the heart will be 
better understood than if it be out away from its BTuroimdiogi. 
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Let the lungs be laid upon a dish so that the heart is uppermost, 
with its apex turned towards the operator. 

The line of fat which extends from the upper and left side of 
the heart* downwards and across towards the right side, indicates 
the division between the right and left yentricles. Examine the 
large yessels, and by referenee to figure 80 make quite certain 
which are the aorta^ the pulmonary artery, the tuperior and in- 
ferior vena cavcBy and the pulmonary vevM» It will be of seryioe 
to attach threads with numbers to the vessels, so that they may 
be distinguished when separated from the surroTmding parts. 

Having separated the heart from the lungs, out out a portion of 
the wall of the right ventricle towards its lower part, so as to lay 
the cavity open. Gradually enlarge the aperture until the choritB 
tendinea and the membranous flaps of the tricuspid valve are seen. 
Continue to lay open the ventride towards the pulmonary artery 
until ^e semilunar valves come into view. The pulmonary artery 
may now be opened from above so as to display the upper surfaces 
of the semilunar valves. Bemove part of the wall of the right 
auricle, and examine the right auriculo-ventricular aperture; 
notice also the entrance of the verue cava and coronary vein, * 

The heart may now be turned over, and the left ventricle laid 
open in a similar manner. Notice that the auriculo-ventricular 
valve of this side {the mitral) has only two flaps. The form of the 
valves is better seen if they are placed under water and allowed 
to float out. Observe that the walls of the left ventride are much 
thicker than those of the right. Open the left auricle, and observe 
the entrance of the pulmonary veins, and the passage into the 
ventride. 

The ventricular cavity should now be opened up as far as the 
aorta, and the semilunar valves examined. Out open the aorta, 
and notice the form of the semilunar valves and the openings of 
the coronary arteries. 

Circulation in a Frog's Foot. In order to see the blood dr- 
culating ifx the membrane of a frog*8 foot, it is necessary to fix the 
frog. For this purpose obtain a piece of soft deal, about six inches 
long and three wide, and half an inch thick. At about two inches 
from one end of this cut out a hole three quarters of an inch in 
diameter, and cover it with a piece of glass, which should be let 
into the wood so as to be level with the surface. Then tie np 
the frog in a wet cloth, leaving one of the hind legs outside. 
Kext fasten a piece of cotton to each of the two longest toes, 
but not too tightly or the circulation will be stopped. Tie the 
frog upon the board in such a way that the foot will just come 
over the glass in the aperture. Pull carefully the pieces of cotton 
attached to the toes so as to spread out the membrane between 

* The left side of the heart will be to the right hand of the obBerver, axid 
the right aide to his left hand. 
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them over tbeglm. Futm the tbrsftdi by dnwing them into 
notohsi cat in ue sideB of the bokrd- The bond ehonld nov b« 
filed ^7 elastio bands, or bj on; other oonvenient means, npon 
the stage of the mioroBoope, ao u to bring the membrane of tha 
foot under (lie object glaae. The membnne ahonld be o 
iMj moisteiied with mttz. 



CHAPTER VIIL 
RESPIRATION. 

Stmoture of the Iiungs, etc. We have alread; 
seen BometJiiiig of the changes nudet^one by the blood 
in pasBuig through the Innga. We have now to con- 
Bider the Btmctnre of these 
organs, and the manner in 
which Uieir fnnctionB are 
performed. The essential 
point in respiration is to 
bring tJie bumd into snch 
relation with atntospheric 
air that it may obtun the 
oxygen which it requires, 
and get rid of a oertain 
amonnt of its cwbonio 
acid. 

In the front, at the lower 
part of the pharynx, and 
just at the back of the 
tongue, is the opening of 
the gU>tlis, protected by its 
lid the epigiotlis. Imme- 
diately within this aper- 
ture is the larynx, a com- 
plicated apparatiM for the • 
production of the voice, to ■ 
be considered farther on. 
Directly below the Itfrynx is the trachea, a tnbe which 
divides at its lowe^ e^i into two branches, or bronchi, 
one of which goes to each long. Further subdivision 
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lungs are fiirther Stretched so as to occupy the increaSBd 
space. If, on tlie other band, tke capacity of the thorax 
be lessened, the lunge are compressed, or rather are 
allowed to shrink, and a portion of the air is driven ont. 
InspiratiOtt. The enlat^ement of the cavity of the 
&oT<Ke may be accomphahed in two ways, viz., by r ai s in g 
tile ribs, or by lowering the diaphragm. 

The manner in whicli the nbs are raised is peoaliar. 
The ribs, which aie movable npon the vertebral oolnmn, 
are directed downwards and forwards, and connected 
m front with the stemnm by means of the coetal car- 
tilages. Between the 
ribs are the iniercoe- 
vtoZ mnBoles, vrhicb 
^J are arranged in two 
u sets, the one exter- 
I nal, the other inter- 
! naL Theformerpass 
' irom the rib above, 
dcrwnwards and for- 
wards to theone next 
below, while tlie lat- 
ter pass from above 
downwards and 

backwards. Wlien 
the external inter- 
costal mnscles con- 
tract, the ribs are 
drawn upwards, and the stemiun is raised and 
carried forward, increasing the distance between it and 
the vertebra] colonm. At tiie same time, by the con- 
traction of these mnscles, the arch of each rib is raised, 
and the vridth of the chest increased. The vnt&mai 
intercostal mnsclee have jnst the opposite effect ; that is 
to say, when they contract they draw the ribs down, and 
thns rednce the size of the cavity. The mnsclea placed 
between the costal cartilages tend to raise the ribs. 

For f[u*hereiplanation of the action of the intercoatal 
mnscles, see p. 8tj. 
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The diaphragm (fig. 16), is a strong, arched partition 
between the thorax and the abdomen. It is always 
convex above and concave below. From the central 
portion, which is tendinous, muscles extend towards the 
ribs and spine. 

The action of the diaphragm is easily understood. 
It is obvious that when its muscles contract the arch will 
be drawn downwards, and consequently the cavity of the 
thorax will be enlarged. When the diaphragm contracts 
a pressure is exerted on the viscera of the abdomen 
which causes its front wall to be thrust out. This kind 
of respiration is, in consequence, termed abdominal or 
diaphragmatic ; while that brought about by the raising 
of the ribs is known as costal respiratuyii. 

Under ordinary circumstances^ both kinds of respi* 
ration take place at the same time. In men, however^ 
the respiration is chiefly cibdomi/nalf while in women the 
costal is the more important. . . 

The dia/pJvragm is supplied by the phrenic n&rve, which 
arises from certain of the spinal nerves of the cervical 
region. 

Expiration* Inspiration having been aocomphshed 
by the means just indicated, the lungs, and walls of the 
thorax are in a state of considerable tension ; and in 
ordinary breathing, when the muscles of the ribs and 
diaphragm relax, the elasticity of the parts is sufficient 
to expel the air from the lungs. When, however, the 
expiratory act is to be performed with more than ordin- 
ary force, as in speaking, singing, etc., the internal 
intercostals come into play to depress the ribs, while the 
abdominal muscles by pressing upon the viscera force 
the diaphragm upwards, and so the air is driven out from 
the lungs. 

Different Kinds of Bespiratory Acts. Sighing is 
simply a rather prolonged inspiration. 

Hiccough is an inspiratory act produced by the spas- 
modic action of the diaphragm ; the air passing suddenly 
through the vocal chords (p. 154), produces ^e peculiar 
sound by which this act is accompanied. 
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Coughing, This consists first in a deep inspiration and 
closing of the glottis ; then the expiratory muscles acting 
strongly, suddenly force open the glottis, and drive 
the air through the mouth. 

Sneezing is very similar to coughing, but the base of 
the tongue and the soft palate closing the passage into 
the mouth, the air is expelled through the nose. 

Sniffmg is a short, quick^ inspiratory act, in which, the 
mouth being closed, air is drawn up through the nose. 

The effect of sudden cold upon the skin is to cause a 
spasmodic inspiration; for instance, if the feet are 
plunged into cold water a sudden drawing in of the 
breath takes place. 

Respiration is- essentially an mvoJimtary action, but is 
nevertheless under the control of the will. All the in- 
voluntary acts of the respiratory organs are directly 
controlled by the medulla oblongata. Sneezing, cough- 
ing, hiccough, etc., are mostly involuntaiy respira- 
tory movements, and are caused by what is termed 
reflex nervous action (p. 102). Sneezing, for example, is 
caused by an irritation of the lining of the nose. Iii this 
case certain nerves in the mucous membrane of the 
nasal cavity are excited, and convey an influence to the 
medulla oblongata ; this part of the brain has the power 
of converting the influence thus received into other 
nervous actions which excite the respiratory muscles 
in such a way as to cause a violent expiratory act. 

Quantity of Air Bespired. It has been estimated 
that about 350 cubic feet of air are inspired and 
expired daily by an average man while alt rest, the 
amount being very much increased during exertion. 

About 20 to 30 cubic inches of air are ordinarily in- 
spired and expired at each respiratory act. 

The air thus passing in and out of the lungs is termed 
tidal or breathing air. After an ordinary inspiration the 
lungs contain about 230 cubic inches of air. 

By taking a deep inspiration about . 100 cubic inches 
more of air can be taken in ; this extra amoant ia 
termed comj>Umental air. 
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After an ordinary expiration about 200 cubic incbes 
of air are left in the lungs, but by forcible expiration 
about balf of this may be driven out ; this is termed 
Bupplemental air. The lungs can never be entirely 
emptied of air, about 76 to 100 cubic inches always re- 
maining ; this is called residual air. 

Onbio inohob 
Complemental air • • • . 100 

Tidal , 30 

Supplemental „ 100 

Besidaal , 100 



Total eapaoity of lungs . • 830 



The resid/ual and sujpplemerUal air do not leave the 
lungs during ordinary respiration. 

The number of respirations in a healthy adult vary 
from 14 to 18 per minute. 

Changes which the Air undergoes in the Lungs. 
Ordinary atmospheric air consists of oxygen and nitrogen 
with a small amount of carbonic add, watery va^pottr, 
and traces of other gases. Every 10,000 volumes of air 
contain about 7900 of nitrogen, 2100 of oxygen, and 
not mor^ than 3 of carbonic acid. 

If, however, air which has been expired be examined, 
the proportions of its constituents will be found to be 
materially altered. The carbonic acid will be found 
increased to about 470 parts, the oxygen reduced to 1500 
or 1600 parts, the quantity of watery vapour veiy 
greatly increased, and the temperature of the air, which 
before entering the lungs was, say 60^ F., will be found 
raised to about 90"* or 100° F. 

The amount of nitrogen in expired air is sometimes a 
little more and sometimes a little less than in air which 
has not been vnspired. 

Expired avr thus differs from the air inspired in 
having more carbonic acid, less oxygen, more watery 
vapour, and a higher temperature. 

The amount of carbon expired, in the form of carbonic 
acid, during 24 hours, is about eight ounces. 
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TliTls it' will be seen tibat tlie air in ihe Imigs gaiiiB 
what the blood loses, and loses what tbe blood gains. 

When two different gases are placed in contact they 
immediately begin to mix with each other, and continue 
to do so until they are completely mixed. This phy- 
sical process is called the diffusion of gases. If the two 
gases are separated by a dry porous partition diffusion 
will still take place; modified somewhat, however, by 
the fact that a dense gas will not pass through such 
partition with the same ease as a lighter one. 

If the partition be a moist animal membrane tbe 
diffusion becomes still more modified, for then the gas 
that is most easily dissolved in water will pass through 
quickest. If carbonic acid be placed upon one side and 
oxygen upon the other, it will be found that the carbonic 
acid passes through quicker than the oxygen, the former 
being much more soluble than the latter. 

These physical processes enable us in some degree to 
understand the changes which take place in the lungs. 
But they do not explain them, for although the con- 
ditions in the lungs are jast those of the moist membran- 
ous partition separating oxygen from carbonic acid, yet 
instead of the amount of oxygen passing in bqing less 
than that of the carbonic acid which passes out, it is 
rather more. Why this is the case is not known ; it must, 
however, be remembered that the oxygen (and probably 
the carbonic acid also) is held in chemical combination 
with certain constituents of the blood, and this may 
modify the process of diffusion. 

There is another point to be borne in mind, namely, 
that it is the residual and supplemental air of the lungs 
which is directly concerned in arterializing the blood ; 
and further that at each inspiration diffusion takes place 
between that and the tidal air. 

Asphyxia. When from any cause a sufficient quantity 
of pure air is prevented from entering the lungs the 
person becomes suffocated or a^hyxiated. In cases of 
strangling, drowning, or choking, ^e cause of death is 
the same, viz.y a want of fresh air to arterialize the bloods 
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The lesnlt is the same whether air is altogether pre- 
vented from entering the Inngs, or whether that which 
is breathed has too little ozjgen or too much carbonic 
acid. In either case the blood does not become arterial- 
ized, and asphyxia ensues. 

Want of oxygen appears to be the most potent cause 
of asphyxia^ for air may contain 15 or 20 per cent, of 
carbonic acid, and yet if the amount of oxygen be also 
increased, it can be breathed without producing any 
immediate ill effect. 

The direct effect of want of oxygen is to retard and 
eventually stop the flow of blood in the capillaries of 
the lungs. This prevents the blood from passing out 
of the right ventricle, which consequently becomes 
gorged ; as do also the right auricle, and the veins. The 
left side of the heart and the arteries become empty. A 
lack of arterial blood soon causes the heart and all the 
organs of the body to cease to act, and death takes place. 

In small close rooms or in places where large numbers 
of people are assembled, and there is not sufficient 
ventilation, the air from being respired becomes over- 
loaded with carbonic acid and deprived of much of its 
oxygen, and therefore unfit for further respiration. Per- 
sons respiring such air feel a certain uneasiness and 
difficulty of breathing, and the faintness which is often 
felt under such circumstances is a form of asphyxia. If 
such air be habitually breathed, as it is by persons who 
remain in close workrooms many hours daily, the blood 
does not become properly arterialized, consequently the 
organs of the body lose their vigour and are more liable 
to disease. A sufficient and constant supply of pure air 
therefore is absolutely essential to the maintenance of 
health. 

Practical Sectiok. 

Examination of Iiungs, etc. The cayities of the month and 
thorax of a dead rabbit having been laid open (as directed for 
examining the alimentary oanal, p. 54), the trtichea is traced 
upwards to the back of the tongue, and dissected away from the 
pharynx, which lies behind it. The tongue may then be cat out 
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80 as to bring the trachea with it ; and, proTlded the npper liba 
have all been oat throngh in opening the thorax, there will be no 
diffionlty in separating tiie trachea from the surrounding parts. 
But the longs and heart (which should not be severed from 
the trachea), are held in position by the aorta and other large 
▼essels. These must now be oat throogh, in order to remoYe the 
longs from the thorax. 

The relation of the glottis and epiglottis to the tongoe having 
been examined, the two large cartilages at the top of tiie trachea 
(the cricoid and thyroid cartilages) shoold be noticed. These two 
cartilages form the box in which the organ of voice is sitoated. 
Notice that the rings of cartilage which give rigidity to the 
trachea are not qoite complete behind. Insert a tobe into the 
trachea, and inflate the longs by blowing into them. Their 
elasticity will caose them to shnnk again when the blowing 
is discontinoed. By dissecting away the sobstance of the long, 
the bronchi, accompanied by tiie bloodvessels, may be traoed for 
some distance; hot to see the smaller vessels and capillaries, 
they reqoire to be injected with some coloored floid, and very 
thin slices of the long examined with the microscope. 

The Action of the Intercostal Mosoles. The action of 
those mosoles is not at first easy to understand : bat it will bo 




Flo. 39. Modd of rib* to lllnstnU th« aetlan of tli* IntarcoaliJ mvMlai : M, M 
in im^intioii ; C, u in sxi^ntioii. 

readily comprehended by reference to a model sadh as thai 
represented in fig. 89, which may be easily made by the stu- 
dent himself with foor laths of wood, fastened together at the 
comers, a, 6, e, (2, with pins or small screws, so as to be movable. 
At the points e,f,g,K pins are placed, to which elastic bands 
may be attached (fig. A), a, 6, represents the vertebral oolumn; 
e, d, the stemom ; and a, <2, and 6, e, the ribs. The elastic band, 
/, g, represents the external intercostal muscles, and e, h, the 
internal intercostals. If now the elastic band e, A, be removed, 
the remaining band /, g, will tend to bring the two points to 
which it IB attached nearer together, and the result will be that 
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the bars a, d, and b, e, will be drawn npwards (fig. B), that is, 
in the same direction as the ribs in the aet of inspiration. When 
the elastic band, e, h, is allowed to exert its force, the opposite 
ejffect will be produced (fig. C) ; in this case representing the 
position of the ribs in an act of expiration. 

Demonstration of the presence of Oarbonlo Acid in 
Sizpired Air. One of the charaeteristie properties of carbonic 
add is that when added to an aqueous solution of Ume, it com- 
bines with the lime, forDCdng carbonate of lime, which, being 
insolnble in water, becomes precipitated, and gives to the liquid 
ft milky appearance. 

Put a piece of ordinary quick lime into a bottle with some 
water; shake it, and allow it to stand until quite clear. Four oil 
the clear liquid (which will contain lime in solution) into a tumbler 
ox other glass yessel ; with a syringe cause ordinary atmospheric 
air to bubble through the liquid: little or no effect will be 
produced.* 

Now put the end of a glass or indiarubber tube into the 
mouth, and allow the other end to dip into the solution of lime ; 
let the air which is being expired bubble through the fluid. The 
liquid will veiy soon become cloudy, on account of the combina- 
tion of the carbonic acid 'contained in the expired air with the 
lime in the solution, as mentioned aboye. 



CHAPTER IX. 
ANIMAL HEAT. 

Heat not eyolyed in the Lungs alone. Although 
the heat of the body is, without doubt, dependent upon 
the (xeygen siippliea to the blood in the Inngs, jet the 
process of ozidAtion, which is the immediate cause of the 
heat, takes place throughout the system. 

Frooesa of Oxidation. The internal temperature of 
the body is maintained at about 100^ Fahrenheit, what- 
ever may be the temperature of the surrounding atmo- 
sphere. Heat is generated wherever oxidation occurs; 
and whether the chemical combination takes place 
rapidly, as is the case in an ordinary fire, or slowly, as 
in the capillaries of the body, the heat generated is 

* The earbonio aeid of ffaa atmosphere maj make the fluid somewbal 
olocidj( 
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proportionate to the amount of material oxidized. The 
chief source of heat in the body is the oxidation of 
materials derived from the fats and amyloids taken as 
food ; but in the capillaries of the body generally, the 
materials of which the tissues are composed combine 
with the oxygen of the blood, forming carhome aoidy urea, 
and water; and in all these processes heat is eyolyed. 

In veiy cold climates it becomes necessary to supply 
the body with a considerable amount of readily oxidiz- 
able food, in order to maintain the requisite temperature ; 
hence it is that the inhabitants eat and drink enonnons 
quantities of fat and oil. 

Begulation of the Temperature of the Body. 
Oxidation does not take place equally in all parts of the 
body, being more rapid in parts which are in actiye 
exercise than in those which are quiescent. The con- 
stant flow of the blood, however, equalizes the tem- 
perature by conveying heat from the warmer to the 
cooler parts. Without this constant circulation of warm 
blood, the surface of the body would be rapidly cooled 
by the radiation of its heat ; but the continual flow of 
the warm fluid from deeper parts to the surface, and its 
quick return to the deeper parts, maintain the exterior 
of the body at very nearly the same temperature as 
the interior. 

The heat of the body is further regulated in a remark- 
able manner. The moisture or perspiration which is 
constantly evaporating from the su^ace of the skin 
(pp. 24, 93), carries off a considerable amovint of heat^ 
The quantity of perspiration depends upon the condition 
of the small vessels and capillaries which supply the 
-glands of the skin. If these vessels are relaxed, more 
blood flows through them, and consequently more perspi- 
ration is secreted and thrown out upon the skin. Now 
the condition of the bloodvessels is affected, through, the 
influence of the nerves, by every change in the tranper- 
atuze of the medium surrounding the body. If this 
temperature be iucreased, the nerves are affected in such 
» manner as to allow the muscles of the Tesaels to relax ; 
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the result is that more perspiration is exuded, and this 
in evaporating carries off the extra heat. If, on the 
other hand, the temperature of the surrounding medium 
is lowered, the nerves are affectied in such a manner as 
to cause the small bloodvessels to contract, by which 
the amount of perspiration is lessened, and the loss of 
heat by evapora&on reduced. 



CHAPTER X. 
SECRETION AND EXCRETION. 

Deflziitions. There are certain organs of the body 
having for their function the separation of particular 
matters &om the blood. When the matters are sepa- 
rated in order to be again made use of in the body, they 
are termed secretions ; and the organs which subserve 
this purpose are called secretory orgcms. When, however, 
the materials are eliminated so that they may be thrown 
out of the system, they are called excretions^ and the 
organs perfonmng this work are termed excretory organs. 
The secretory organs are the Ivoer and pwncreas, salivary, 
gastric, vntestinal, lachrymaJty Meibomian, and manvmary 
gla/nds, and the serous, synovial, and mucous membranes, 
etc. The excretory organs are the shin, Ivngs, and 
Jddneys* 

Frooess of Secretion. The exact manner in which 
the various secretions are eliminated is not known ; but 
it appears that the cells lining the gland extract from 
the blood certai^ materials by which they grow, and 
that the fluid they contain, which is the secretion, is set 
free by the absorption or bursting of the cell wall. 

The secretion of some glands is increased if the nerves 
which supply them be irritated. For instance, if the 
nerve supplying the salivary glands be excited, the 
saliva is directly poured out in greater abundance. It 
is not known whether this effect is due to the action 
of the nerve upon the. bloodvessels connected with the 
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gland, caosing them to dilate, and ho to supply mom 
blood to the gland, or whether it is dne to me dixeot 
effect of the nerve upon the secretiiig tiasoes. 

d.—SSCRSTO&T ORBANB. 

Serous Hembranes. These consist of a flat expan- 
Bion of epithelial cells, sopported npoD a basement mem- 
brane, nnder which are blood capillaries, sniTonnded by 
connective tisane. These parts are foond in all secretoir 
and excretory organs, however th^ may be modified. 
Snch membranes line thtperiixirdmm,penioneiam, pleura, 
etc., and the exndatioq, or xecretion, which takes place 
from their snrf aces, keeps them constantly moist. 

Synovial Hembranes. These line the shnt sacs 
called synovial capgulet, foond between the articulating 
snrfaccs of bones (p. ISO), and other parts where there 
is considerable friction. 
Their secretion is 
termed m/wmalfiaid. 

Haooiui Membranes. 
These, which are simi- 
lar in stmctnre to the 
two jnst mentioned, 
line tlie entire alimen- 
tary canal and the res- 
piratory and nriniuy 
organs ; at the apertures 
of the body, as npoa the 
lips, thc^ axe continnons 
with the skin. The 
secretion of this kind of 
membrane is termed 



Olanda. 
iwow. uH There are many forma 
i?Vi.''»t!iE^bn*i? "^ glands ; the simplest 
"~~~* "■'-'— -■"' \ consiais merely of a 
tabtUar depression of 
the membrane, forming what is termed a tubular gland 
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(fig. 40). Of this kind are the gastrio foUides (fig. 21) 
and Ideberhuhn*8 gla/nds. The sweat glcmds (fig. 41) are 
simply tubular d^resaions of the skin, the inner end 
being coiled up. The Mdhomda/n follicles in the ejeHd 
(fig. 67) are tubular glands, the sides of which are 
sacculated. The sebaceous glamds, which may be found 
opening into most hair sacs (p. 93), have the inner por- 
tion sacculated. The inner end of the tube may be 
divided into numerous branches, each ending in a little 
sap or ocMiMSi such glands are termed racemose. The 
salivary and lachrymal glands and the pancreas be« 
long to this last group. 

^e narrow tubular portion of a gland, by which its 
seoretion is conveyed away, is termed its dAtct 

The Uoer and j^ncreas have abeady been described in 
connection with the alimentary canal (pp. 46, 50). 

BuotlesB or Vascular Glands. The organs known 
by this name are certain structures usually termed 
glands, but whose functions are not known. None of 
them have any special dAict They are the thyroid gland, 
situated in the neck, just below tibe larynx ; the ihyrms 
gland, which occupies a position at the base of the 
heart (tiiis is largest in infants, and gradually dis- 
appears as age advances) ; the sfWjprO'renal capsules^ 
placed, as their name indicates, one above each kidney ; 
and the spleen* The spleen is a dark red body, placed 
in the abdominal cavity upon the left side of the 
stomach. It is supplied with blood by the splenic 
artery; and the vein by which the blood is carried 
away and poured into m& vena porto is called the 
splemo vein. The spleen is very vascular and elastic; 
when cut across, the surface exposed is seen to be dotted 
with small white bodies, called the splenic corpvscleSf 
each of which is found upon close examination to be 
composed of very minute cells, enclosed in a network of 
capillaries; moreover, each sphnie corpuscle is connected 
with a branch of the splenic artery. The blood of the 
splemo vein contains more white corpuscles and fewer 
red ones, than that of the splenic a/rtery. On this account 
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the spleen has heen thonght to have the fonotion <rf pro- 
daoing colonrleas blood corpuscles. 

B^BJCBSTOST ORaAirS. 

The Skin. The Bkin is not only an important organ 
of excretion, bntalso posBeases Home power of ofcttwyfitm. 
It is likewise the seat of the 
organs of touch, and serves as a 
" protection to the stmotures 

iTing beneath it. 
£ The ekin consists of two 
c portions : an onter, termed the 
^pidermit; and an inner called 
the dermis, or tme skin. 
e The epidermis is formed of 
layers of cells. In the exterior 
layers the cells are flat, bat in 
tlie deeper layers the;' are 
rounder and contain the colonr- 
in^ matter, which ^T<es the 
skm its tint. 
|/ The Krowi^ of the epidermis 
takes ^ace in the deeper layers, 
the cells of which, becoming 
gradually pushed ontward and 
37 flattened, supply the place of 
||(f those which have been worn 
away fix>m the onter snr&ce. 
There are no bloodyeBBela in 
the epidermis. 
__ The dermis, which lie* im- 

mediately beneath the epider- 
mis, difibre from it in being richly supplied with blood- 
vessels. It is also abundantly provided with neirveB. It 
might he expected from this conformation, that the flnids 
of the blood wonld, to a certain extent, eznde throi^i 
the epidermis. This in fact does take place over the 
whole snrface of the bod^; bnt to what extent ia not 
known, beoanse the exudation is always mixed with the 
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prodncts of oertam glands, of whicli we now come to 
speak. 

If the palm of the hand he examined with a lens, 
it will he found traversed hj minute parallel ridges, on 
the summits of which rows of small dots or pits may 
he seen. These dots mark the openings of the ducts of 
the 8vdorvpa/rou8 or sweat glands. These consist of coiled 
tubes (fig. 4lL), surrounded by numerous capillaries, and 
embedded in the innermost portions of the dermis. 
The ducts from these glands pass through the dermis and 
epidermis, often spirally, and open upon the surface of 
the skin, the aperture being somewhat oblique and 
yalye-like. Sweat glands are found over the whole sur- 
&ce of the body, but are especially numerous upon the 
palms of the hands. 

The sebaceous glcmds are also found in the skin. 
They are minutely lobulated bodies, surrounded by blood 
capillaries, and their ducts open sometimes upon uie' sur- 
face, but more frequently into the sacs, or follidesy in 
which the hairs are lodgea. These glands are found over 
the whole surface of the body, except the palms of the 
hands and the soles of the feet ; and are most numerous 
on those parts where hair grows most abundantly. They 
secrete a fatty substance. 

Ordinarily the perspiration does not collect upon the 
skin, but evaporates as fast as it is formed. It is then 
termed inseniible perspiration. Under certain circum- 
stances, however, as for example, after violent exercise 
or in cases of mental excitement, the excretions of the 
skin are poured out faster than they can evaporate; 
hence they collect in drops upon the surface of the body. 
This is called sensible perspiration, or sweat Carbonic 
acid and water are the most important materials got rid 
of by the skin. The amount however varies very con- 
siderably at different times. It has been estimated that 
about twice as much water passes off from the skin as 
from the lungs, while the amount of carbonic acid is 
only about one-thirtieth or one-fortieth part as much. 

The surface of the dermis is covered with minute 
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epitlielial cells, contiimons with those of tbe mnoona 
membrane lining the nreter and the pelvis of the kidney. 
It ia not known -With certuutj 
whether or not the glomerulus has 
a covering of epitheliimi. 

The eUminatdon of the urine 
from the blood tt^es place in the 
Malpighian oapsnles and in the 
. tnbnli. This proceBS goes on con- 
stantlj'; and the fluid passes into 
the pelvis of the kidney, and thence 
' throngh the nreter it enters drop 

by drop into the bladder. 
' Urine when fresh bas nsoally an 
acid reaction ; bat if left to stand, 
it soon becomes alkaline. It con- 

, . siste of a large proportion of water, 

ralritK'^SCm^ri' containing urea, uric adi, animal 
T.i. rtic».«™, u- u«* ,„^,a^,^ and udine subslancee, to- 
gether with very small proportionB 
. of carbonic acid, oxygen, and nitro- 
The amount excreted varies 
very considerably, being iuflTjenced by many circnm- 
stances. It has been estimated that 
a healthy man excretes abont fifty 
onncea daily. 
' Swpplj) of Blood to the Eidn^i. 
Each renal artery arises directly 
> from the aorta, and eni«ring the 
it the hilws, snpplies it with 
arterialized blood. Its ultimate 
branches enter the Malpighian cap- 
sules as above described. The blood 
rtJSlJ&.'^EoiI is oollected into the renal vein, 
._, ... ^jjjjjjj^ leaving the kidney also at 
the hiius, opens into the inferior 

_ vena cava. The blood does not be- 

oaiiL (ijouar.i come venous in passing throngh 

the kidae;, that which passes oat by the renal vein 



very considerably. 
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being even more pure than that which enters hr the 
renal artery. One reason is that the nrine which is 
eliminated from the blood in the kidney contains 
more carbonic acid and less oxygen than the blood 
itself, consequently there mnst of necessity be pro- 
portionally more oxygen and less carbonic acid in the 
blood after the nrine has been excreted than there 
was before. Besides this, nrea and other waste mat- 
ters are also excreted at the same time. It has been 
shown that the blood of the renal vein contains less nrea 
than that of the left side of the heart; it is, in &u$t, the 
purest blood of the body. 

If the nerves which supply the walls of the small 
vessels of the kidneys be irritated, the excretion of 
urine ceases, and the blood of the renal vein becomes 
venous. It would seem that the irritation reduces the 
calibre of the small arteries, and consequently the 
pressure of blood in the capillaries, to a degree below 
that necessary for the excretion of urea and carbonic 
acid ; while the absorption into the blood of the waste 
matters produced by the activity of the contracting 
muscles renders the blood venous. 

The Bladder. The bladder itself is an oval sac, 
covered externally by a layer of peritoneum, and lined 
internally by mucous membrane. The muscular fibres, 
which are found in its walls in considerable quantity, 
ore of the unairiped kind. The urine is collected in the 
bladder, and periodically expelled through a dnct called 
the ttrethra, which opens externally. The orifice by 
which the urethra opens into the bladder is ordinarily 
kept closed by a ring of muscular fibres or sphincter, 

Pbactical Section. 

The positions of the varioas secretory and excretory organs 
have already been pointed out. Some of them, such as the liver, 
kidneys, etc., are large and easily found ; but others, snoh as the 
gastric follicles, sweat glands, Meibomian follicles, etc., are small, 
and reqnire to be specially prepared for microscopic observation. 
Further information regarding the methods of preparing some 
of the more important glands for investigation 'will be found in 
tho chapter on Histology (pp. 160 and 169). 
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CHAPTER XI. 
THE NERVOUS SYSTEM. 

Fonotioiis of the Nervoiia System. The fimctions 
of the nervous systezi^ are to receive all sensory im- 
pressions; to govern all muscular contractions, and oon» 
sequentljall movements of the body; and to exercise 
considerable influence over the organio funoiiions. The 
brain is the seat of- consciousness, memory^ reasoiv the 
will, and indeed of all mental operations. 

Two Nervous Systems. Tne human body possesses 
two systems of nerves, (1) the cer^im^gpmalj and. (2) the 
^mpatheUcj whicb are intimately connected with each 
other. The first consists of the hradn and apindl cord 
(or cerebro<spinal ads. as they are sometimes called), 
with the nerves passing off from them ; the second, of 
a double cham of nervoue gaaiglia^ connected . with one 
another by cords of nerve fil»:e. 

Both systems have two principal parts; viz., nerves 
and nerve-centres. The function, of the nerves is simply 
to conduct nervous influences to or from the centres. 
Nerves which convey impressions to the centres are 
termed afferent; those which convey influences awQif 
from the centres are termed efereni nerves. 

Nerve centres are composed of nerve cells or gcmglionic 
corpuscles (p. 171) intermingled with*fibres. Their func- 
tion is either to perceive sensations, or to modify the 
afferewt influences received so as to convert them into 
^erent impulses (p. 102). . The brain alone is canaUe 
of jpercewing; but the spinal cord. and the sympauietio 
ganglia have, in common with the brain, power to con- 
vert afferent into efferent impulses, which conversion 
may take place without the intervention of the will. 

The following illustrations will show the difference in 
action between afferent and efferent nerves. 

The prick of a pin causes pain because certain afferent 
nerves, being unduly excited, convey the influence thus 
received to the braiui giving rise there to certain un- 



THI NEEVOnS BISTBU. SV- 

pleasant orpamfril states of oonsoioiuaieBS. Bat now sup- 
pose a person 'wishes to more his hand. Here the will 
mflnences the effsreni nerves connected with the muscles 
which move the hand, oaasing such an impniae to be 
conveyed to the muscles, that they contract, the lesiilt 
being that 'Qie hand is moved. 
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The Spinal Cord. The spinal cord is oontinned 
npwards into the brain, and downwards to about the 
second lumbar vertebra, where it becomes reduced to 
a fine thread termed the pmm. lermindle, Ifervee are 
^ven off at iatervals &om both sides of the cord, and 
pass out from the neural 
canal bv apertures between 
the arches of the vertebw, 
iermediheintervertebrdlfora- « 

The membranes surround- 
ing both the brain and ■ a b c 
spinal cord have already been «m°;^ tJ^XS^ ^^&^'^d£ 
described (p. 20). ^^".^i^Sl'Sir'i:"^' i°'S 

The arrangement of the !J^^£!irr«ui^'m^£!>^ 
parte of the roinal cord is best S^^^S^^^.i^^ 
understood % examining a "»-*"i°'°«- 
trausrerse section. If the cord be out through in the 
cervical region, it will exhibit somewhat the appeaj-ance 
represented on an enlarged scale in fig. 47. Two fis- 
Bures, one behiod, the other in front, penetrate deeply 
into the substance of the cord, VMy nearly dividing it 
into two lateral halves. In the middle of the isthmna 
joining the two halves is a small aperture, c, which 
is in fact a oanal that has been out across. It ex- 
tends, as do both the anterior and poeterior fiaaarea, 
throughout the entire length of the spinal cord. 

The section also reveals two different kiads of 
nerve substance ; eztemaUy a white, and internally a 
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Ki^sli material. The white portioc oonsiata of nerve 
fibres muning for the most part in 1^ directioa of the 
length of the cord, and held together by connectiTe 
. tissne. The grey 
portdon oontains ft 
great number of 
gwnglioiw eorput- 
eles. In each late- 
ral half of the 
cord the grey in- 
e ner part is bo 
arranged as to 
present in Bection 

CTOBcentio form ; 
the extremitiee of 
the orescent bein^ 
directed forwards 
and backwards, 
1 and termed re- 
spectively the an- 
S% terioT and jww- 
!^ tenor eanvua or 
"■*' hoTM. Taa two 
together by a band 

. «■ 47). 

It will be seen by reference to the flgnre that the 
white substance in each half of the spinal cord is divided 
by the horns of the greymatter and by the fibres passing 
from these, into thr^ portions, which have been termed 
the (Mtenor, postericn; and lateral columns. 

Spinal Herrea. Thirty-one tpinal nervet are given 
off from each aide of the spinal cord, and are distribnted 
chiefly to the moscles and skin. Each nerve arises &om 
the cord by two roots, an anterior and a posterior, both 
of which consist of a nomber of nerve fibres. The 
anterior root fibres aride along tbe line separating the 
anterior from the lateral colmnn, while the posterior 




connected 
of grey matter which passes throng^ the isthmns 
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root fibres arise between the lateral and posterior 
colamns(fig. 48). Jnst before the two roots join, the 
posterior root is enlarged, and forms a ganglion. Al- 
though bonnd np together in the same bnndle, the nerve 
fibres of the two roots remain qnite distinct, and perform 
two entirely different fano- 
tions. It has been proved by 
experiment on a living ani- 
mal that if the anterior root 
of one of the spinal nerves ( 
be cnt through, the power 
of motion is entirely lost in fxo. 48. poruon of spimaoord. showing 

the parts supplied by that rlorroot.SSatofthelenridBTuullMn'eat 
- ^ ^..Jx "U-i. ««. 1^.»^ «.« 4.1,« •x,^^ through and turned miid«; », posMrior 
nerve, but so long as tne pOS* root, with its gugUon. o; d, anterior. 

terior root remains entire the -.i-^o'^^di^fl-™". <««^) 
parts retain their eensihility, ' If, however, the posterior 
root be cut and the anterior left entire, then the sensi- 
bility of the parts is destroyed, while the power of motion 
is retained. When both roots are severed both power 
of movement and sensibility of the parts are destroyed. 
If when both roots are cut through that portion of the 
anterior one connected with the spinal cord be irritated 
by pinching, burning, or galvanizing, no appreciable 
enect will be produced ; but if the other portion of 
this same root be irritated, the muscles to which it is 
distributed contract. Again, if the portion of the pos- 
terior root which remains in connection with the spinal 
cord be irritated, it at once gives rise to the sensation of 
pain, but when the other portion of the same root is 
irritated no effect is produced. 

Erom this we learn that the posterior roots of the 
spinal nerves only convey influences towards the spinal 
cord, they are therefore afferent nerves; and as the 
influences they convey usually give rise to sensation, 
the nerves are also termed sensory nerves. The anterior 
roots, on the other hand, only carry influences from the 
spinal cord to the muscles, they are therefore efferent 
nerves; and as these influences cause certain muscles 
to contract, the nerves are termed motor nerves. Afferent 
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neryea are not always Memory^ neither are efferevd nerves 
always motor* 

The Function of the Spinal Cord. The spinal ccnrd 
Is not only the medium by which nervous influences are 
conveyed to and from the brain, but we shall now see 
that it also has the power of acting as an independent 
nervous centre. 

The irritation of the posterior root of a spinal nerve, 
or of that part of the skin supplied by the nerve^ im- 
mediately produces an impression upon the brain (p. 101). 
But if the spinal cord be cut through at any point above 
the exit of the nerve no sensation is leLt, because the 
influence produced by irritation of the norve 00000 
to be conveyed to the br«ln» which akme has the power 
of perceiving the sensation* Further, when the oord 
is thus severed the wM has no longer any control over 
mu£tfdes which are su]^plied with Bttrves ftom the oord 
below the section ; in other woids, Tohiirtaij aaoveiiieat 
of these parts becomeB impossibtet. 

If» wl)^ the spinal cord has besBU oit tkrai^^ we 
irritaiie aa^ p«y(t ol the body sufflied with nerree freiD 
the porttOA of the o(»rd severed £r(»i the hssiB, eestain 
mu^ee ccwsected with the s^worated poHaoa of the 
cord will be seen to move» if the iretetiQiL be snflK 
ci^ntly powerSaJ^ the mov^^BBienta mm^ be v«kj ^kdent, 
although uK^pain will be &lt. 

For essfiftplei if the ^inel oerd of aa ambaBal » 
severed* say ift the neok^ and one (tf ^be lasc^ be 
raiohed, certain muficlee will immediatel j eeirixaet and 
drew up the limb. ISiese movementa ace a^Q^pether 
iwioluntartfy the power ^ the will over Iduan httving^ beesb. 
entirely destroyed by the sectton of the oocd. Thej 
are doe to the grey mater c^ the cmrd^ whu^ poBsesaea 
the power of oonveviing afferemt into effesnmi is^QlaB&. 
That i& to say the pinching cauaea an imimlfie i» be 
carried by afiierwdt nervee to the gray matter of tfaa 
cord, by which it is^ again trwismitted i^nKiug^ effezoBik 
nerve& to certain muficle% Qanaing tham to oontaBasiL 
That such movementa^ depeod ufnta the spsoaiL oned ia 
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proTed hy the &ct that when the oord is destroyed 
they no longer ta^e place. 

Further, aETerent mfinencee are conveyed to the cord 
by the porterior roots of the spinal nerves ; for if these 
m aevered while the cord is entlr^ the pinching of parte 
with tiie 



nerves so cut, will i 
longer canse mnsanlar 
moTemente. 

The pecnliar power of 
converting afferent into 
efferent impnlseB, which 
we have jnat seen the 
grey matter of the oord 
possesses, is known as 
re^eiB aotion. It is the 
poeBefision of this power 
that eatitleB the spinal 
oord to rank aa anervous 
oentre, and not merely 
88 a condacter of im- 
poleeB to and fcom the 
brain. 

^e direction which 
the fibres of anterior 
and posterior roots of I 
epinal nerves take in 
the cord is very peca- 
lisr. It appears that 

Mensory fibres (poiterior ra. m. nwnB to •■»• uh dincUon a tiu 
root), after entering ^X^SSi?TtUfIr'C^'tU"S 
the cord pass into iie 2Sil,5r^'daS5S!?"SH2i^«SSto 
grey matter, and im- S^SSSi'SSJJSrSiiulS'JiSSSIiSV! 
mediately cross the ""■"<™"i'"t"«™«™""w-™"* 
isthmns to the opposite side; sensory impressions 
being thus conveyed to the brain along the grey 
matter, on the side of the cord opposite to that on 
which they eater it. 

This is shown by the fbllowtsg experimenta. If the 
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white matter of the cord be cut throagh, and the grey 
portion left entire, — or even though a considerable por- 
tion of the grey matter also be cut through, — sensations 
will still be carried to the brain. This shows that it 
is through the grey and not the white portion that 
afferent impulses pass to the Ixrain. 

Again, if the right half of the cord be out though, in- 
eluding both white and grey portions, irritation of the 
right side of the body still produces an impression 
upon the brain, while irritation of the left side below 
the section causes no sensation. Thus showing that 
the sensory fibres entering upon the left side of the cord, 
have passed across to the opposite side, and have there 
been severed by the cut. 

The fibres of motor nerves (anterior root) do not 
pass across the cord directly they enter but proceed 
along the side on which they enter until they reach the 
medulla oblongata (fig. 49, m), and then cross over to 
the opposite side. 

It follows, therefore, that when all the white portians 
of the cord are cut through, as in the first experiment, 
all the parts below the section lose the power of volun- 
tary motion, although their sensibility remains so long 
as the grey portion is continuous. If the right side 
of the cord be cut through so as to divide both grey and 
white portions, the power of voluntary motion will be 
lost in all parts below the section on that side ; but not 
on the opposite or left side. The sensibility, however, 
of the right side will remain, while that of ihe left side 
will be lost. 

Motor impulses are conveyed from the brain, through 
the white portion of the cord, yet all the white portion 
is not equally concerned in their traosmission. If in the 
thoracic region the anterior half of the >7hite matter be cut 
through, voluntary movements can no longer take place 
in parts of the body below the section. Qn the other 
hand, the division of the posterior half of the white 
matter in this region does not prevent voluntaiy move- 
ments. 
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Tb9 BrUn. The hnman lirain, when viewed from 
above, dieplaya two large lateral masBeB. These are 
called the cerebral hemi»ph^e», and are so large as in this 
fiew to completely cover all the other parts of the brain. 
They are separated by a deep ftiedian JUgure mnniDg 
from &ont to back, and the Bnrfaca of each is nuurkea 




WM- 



iMt7?^UM'»H»J.d»wiini iluOS^rSlm^t 



ont by nomeroiiB deep depressioiia or ndei, into peculiar 
tracts called oonvolutiona or gyri, Gertun of the tuld 
which are fonnd npon the aidee divide each hemisphere 
into three portionB or loha called respectively the om- 
teriOT,miMie, KoAj^oaUnor lobes. 
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A view of the under snrface of the brftm is giren in 
fig. 50. That part of the brain which is continnons 
with the spinal cord is the medulla oblongata (d). In it 
the fibres of the anterior columns of white matter (p. 104) 
cross from one side to the other, and at this place the 
oolnmns are somewhat enlarged. These enlargements 
are termed the aaUerior pyrandds, and the crossing of the 
fibres is known as the decussation of ths amterior pyro' 
mids. Between the mednlla oblongata and the postmor 
lobes of the cerebral hemispheres is the cerebellum (c). 
A broad transverse band of fibres called the pons Varolii 
(e) connects the two sides of the cerebellum. The 
fibres of the medulla oblongata in this view pass under 
the pons YaroHi, and, appearing in front of it^ form 
ilie two omra cerebri. Just in fiont of these there are 
two small rounded bodies called the corpora alhicantia^ 
and a little further forward the two optic nerves can be 
seen to join, forming what is called the chiasma^ or 
decussation. The lobes of the cerebral hemispheres can 
be seen in this view, and are indicated by the letters a, 
b. The roman numbers in the figure refer to the cranial 
nerves (p. 109). 

If the brain be divided longitudinally by cutting 
perpendicularly through all parts below the great median 
fissure, it will exhibit somewhat the appearance given 
in fig. 51. The cefdrdl canal of the spinal cord (i) is 
continued into the medulla oblongata, where it gradually 
gets nearer and nearer to the dorsal sur&ce, and at 
length enlarges into a chamber covered behind and above 
by a thin membrane, and known as iiiefottrth ventricle 
of the brain. 

The cerebethim (d) is situated above this region, and is 
composed of numerous plates of nerve subsiance, so ar- 
ranged that when cut across, as in this figure, they have 
a foliated or tree-like appearance ; on this account they 
have been called the arbor vitce. From the fourth ven- 
tricle, a narrow canal passes upwards and forward into 
another cavity, the third ventricle (z). Above Has canal 
are four little rounded bodies ciJled the corpora guar 
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drlgemina (k); below the canal are tbe erwra e«rebri. The 
third ventride is oompreBsed from eide to side, and is 
prodnced below into a kind of tiumel connected with a 
peculiar little mass koown as the pituitan/ body (rf). 
rhe use of tbia bodj ie unknown, and the same may be 
said of another small body, connected with the thin roof 




of this Bame Tentriole, called the pineal gland. Upon each 
side of the front part of the third ventricle, there is an 
apertnre (m), the foramen of Munro, leading into one of 
the two cavities fonnd within the cerebral henuBpheres, 
termed lateral veatridet. 

The fibres of the crura cerebri are continned into two 
nervous masaee, called the oplie tkaiami, which form the 
lateral walls of the third ventricle. From these the fibres 
pass into two other nervons masses termed the eorpifra 
ttriaia, which form the fioors of the lateral ventricles. 
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The c(yrpu8 caMomm (h) is a wide transverse band of 
nervous fibres connecting the two cerebral hemispheres 
above the third ventricle. The letter m is placed between 
two other transverse bundles of fibres called the imterior 
and mAddle commd'mi/res. Another small bundle of fibres, 
the posterior convm/Ueure^ 'is placed at the back of the 
third ventricle. 

In the medulla oblongata, the grey matter is in the 
interior, and the white matter on the exterior, as in the 
spinal cord. In the cerebethi/m and cerebral hemispheres 
this is reversed, the grey vesicular matter being external 
and the white fibrons portion internal. 

Functions of the Brain. The medMlia oblongata 
resembles the spinal cord, both in .conducting nervous 
impressions, and also in acting as an independent nerve 
centre. This portion of the brain is more necessary 
than any other to the continuance of life, injury to it 
producing the most serious results. It has been shown 
by experiments that from jslbme animals all the brain, 
except the medulla, may be gradually cut away, and 
life will continue for a considerable period. The spinal 
cord may likewise suffer extensive mutilafSon witiiout 
producing immediate death. But if the medulla be 
wounded, especially near its central portion, respiration 
ceases, the heart stops beating, and the animal soon dies. 

Mention has been made of the crossing, or deoussoMon, 
of the motor fibres in the medulla oblongata; and we 
have seen how the severance of these fibres upon one side 
of the spinal cord below the decussation causes a loss of 
voluntary motion upon that side ; but if the cut be made 
above the decussation (if for instance one of the omra 
cerebri be divided) the opposite side of the body is 
affected. This is what happens in some cases of paralysis ; 
disease of one side of the brain causing loss of voluntary 
motion upon the opposite side of the body. 

The regular and combined movements of ordinary 
respiration depend for their performance upon certain 
portions of the medulla oblongata. 

Concerning the Auctions of most of the other portions 
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of the liram, vexy little is definitely known. The corpora 
qnadrigemina, with certain parts lying near them, are 
intimately connected with the optic nerves, and theix^ 
destrnction by disease or injury causes blindness. 

Yarioos functions have been, afctributed to the cere- 
bellom, bnt at present nothing can be definitely stated, 
except that it exercises considerable inflnence in regu- 
lating and combining muscular movements. 

With regard to the cerebral hemispheres, it is certain 
that upon them all mental operations and voluntary move- 
ments depend ; any considerable derangement of th^se 
parts causing idiotoy, while extensive injury results in the 
entire loss both of intelligence and of voluntary motion. 
Endeavours have been made to show that certain por- 
tions of the hemispheres are the seat of special mental 
faculties, but this has yet to be proved. Experiments 
have lately been made which tend to show that definite 
regions of the hemispheres are intimately connected with 
the movement of special groups of muscles^ but on this 
point forther information is needed. 

The brain as well as the spinal cord is capable of giv- 
ing rise to reflex actions (p. 102). The closing of the 
eye when threatened with a blow, affords an illustration. 
The optic nerve in this instance acts as the afferent con- 
ductor, carrying the impression produced upon the 
retina to the brain, where it is reflected upon efferent 
nerves, and conveyed by them to , the muscles that 
close the eyelids. 

Cranial or Cerebral Nerves. From the brain and 
medulla oblongata twelve pairs of nerves are given off, 
some of which are sensory and others motor. In many 
anatomical works, only nine pairs ore reckoned; the 
seventh and eighth, on account of their leaving the cavity 
of the skull together, being called the seventh, and the 
ninth, tenth, and eleventh, for the same reason, being 
called the eighth ; the twelfth of course then becomes 
the ninth (fig. 50). 

The first jpcm are the olf(icibory nerves or nerves, ot 
amelly which are really prolongations of the cerebral hemi- 



110 AKIHAL PHTSIOLOGT: 

spheres. They become somewhat enlarged at their eBcfs, 
and from these bidbsj as they are sometimes called, 
branches are given off to the nose. (Sensory nerves.) 

The second padr are the cpHe nerves, or nerves of sight. 
These arise from the opiie thalamus of each side, but can 
be traced to the corpora qnadrigemina. Soon after leaving 
thebrain, the two nerves join together in the opUc ehiasma^ 
after leaving which each nerve passes to one of the eyes 
In the chiasma the fibres of the right nerve pass over to 
the left, and vice versd. {Sensory nerves,) 

Hie third pair supply all the muscles of the eyes ex- 
cept the two which are supplied by the f onrth and sixth 
pairs. (Motor nerves,) 

The fourth pair supply the superior oUique muscle 
of each eye. (Motor nerves.) 

The fifth padr of nerves arise each by two roots, a 
sensory and a motor. Eadi nerve becomes divided into 
three branches; 1st, the ophthdlmio; 2nd, the superior 
maoBiUary ; 8rd, the inferior maxQiary. A portion of the 
third branch supplies the tongue, and is called the 
gustatory nerve, or nerve of taste. (Motor and sensory,) 

Hie sixth padr supply the external muscle of each eye. 
(Motor nerves,) 

The seventh pair supply the muscles of the face. (Motor 
nerves,) 

The eighth padr are the auditory nerves. Each nerve 
terminates in the inner ear of the side to which it be- 
longs. (Sensory nerves,) 

When the seventh and eighth pairs of nerves are reck- 
oned as one pair, the seventh is called the |>or^ dura (hard 
portion), and the eighth the portio moUis (soft portion). 

The ninth pair are called the glossopharyngeal. They 
are the nerves of taste, and are distributed to the back of 
the tongue and to the muscles of the pharynx. (Sensory 
and motor.) 

The tenth pair, or pneumogastric nerves, are also^own 
as the par valgum. These nerves have a wide distriba* 
tion, sending branches to the lungs, larynx, stomacht 
liver, and heart. (Sensory and motor.) 
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The ehvenih pavr^ or spinal accessory nerves, arise from 
the spinal cord in the thoracic region, and supply some 
of the muscles of the neck. They pass upwards on 
each side between the anterior and posterior roots of 
the spinal nerves, and receive fibres from the cord as 
they pass along to the medulla oblongata. {Motor 
nerves.) 

The twelfth paWy or hyoglossal, supply the muscles of 
the tongue. (Motor nerves.) 

All the cranial nerves, except the first and second 
pairs, may be traced to the medulla oblongata. They are 
called true nerves, while the first and second pairs, being 
really processes of the brain, are called false nerves. 

B.STMPATHSTia ST8TBM. 

Desoription. This system of nerves consists of a 
double row of ganglia, situated one on each side of the 
spinal column, in the thorax and abdomen, the ganglia 
being joined together by nervous cords into a kind of 
chain. Branches passing off from these ganglia con* 
nect them with the spinal nerves and with other gangli- 
onic masses in various parts of the body. From the 
ganglia are given off nerves which in the main accon;!- 
pany the arteries, and are distributed with them to idl 
parts of the body, but more especially to the organs 
contained in the thorax and abdomen. 

FanotionB. The special functions of the sympathetic 
system are very difficult to determine, as many of its 
fibres are really derived from the spinal cord. It is 
certain that the actions of the heart, intestine, stomach, 
and some other organs, are materially aflected by it. 
Indeed it seems probable that under ordinary circum- 
stances the action of these organs is maintained 
chiefly by the influence of this system, and that the 
sympathetic ganglia act as centres of reflex action. At 
the same time the actions of all these organs are liable to 
considerable modification from the influence of the 
eerebrO'Spmal nerves which are so intimately connected 
with those of the syTwpathetic system. 
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The vaso-moior nerves, or nerves of tbe bloodvessels^ 
belong to tbe sympathetic system. But many of their 
fibres, also, are evidently denyed from the spinal nerves. 
The mnscles of the bloodvessels are ordinarily in a state 
of moderate contraction, and it is fonnd that this con- 
dition is maintained by the inflnence of nervons centres 
placed in the medulla oblongata, which are called vaso- 
motor centres. 

Practical Section. 

Brain. Plreetions for displaying the brain and spinal cord 
have already been given (p. 22). In order to examine the strac- 
ture of the brain it is necessary to have it hardened. This is 
accomplished by placing it in spirits of wine for some days. The 
brain which was directed to be so preserved (p. 23) can be need 
for the present purpose. A sheep's brain, however, is to be 
preferred on aecount of its larger size. It may be r^noved from 
the skull in the same manner as that of the rabbit, but on account 
of the greater thickness and strength of the bones, it will be neces- 
sary to use stronger nippers and a saw. 

The hardened brain, whether of sheep or rabbit, should first 
be examined entire, and compared with the description given of 
the human brain (p. 105), paying particular regard to the origin 
of each of the cranial nerves. It will be noticed that the olfac- 
tory lobes are large processes from the front of the cerebral 
hemispheres. 

Lay the brain upon a board,insert a razoror a thin shaj^^knifebe- 
tween the two cerebral hemisphere8,and divide the brain into two 
equal halves ; examine the cut surfaces, and compare with the de- 
scription of the human brain (p. 106), and with fig. 51. 

The cerebral hemisphere of one half may now be cut away in 
successive horizontal ^ces, so as to expose the lateral ventiide, 
and to show the relation of the latter to the surrounding parts. 
Notice the foramen of Munro, leading fiom the front part of the 
third ventricle to the lateral ventricle. 

Spinal Cord. Portions of the spinal cord, which have been 
hardened by being placed in chromic acid solution, may bie cut 
across with a razor, and the cut surfaces examined. The division 
of the cord into white and grey portions may be distinguished in 
this way, but it will be best seen' if very thin sections are pre- 
pared (p. 172), and examined under the microscope. 

Befiez Action. The animal best suited for the study of reflex 
action is the frog; and in order to be quite sure that the move- 
ments which take place in the followingexperiments, do not depend 
upon the brain, the head should be completely severed from the 
body. 
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Let a frog trestod in this maimer be placed npon its belly, 
and the hind limbs extended. At first perhaps it will remain 
perfectly flaooid a^d motionlesSf except that the heart will con- 
tinue to beat. After a time, however, the shock produced by the 
operation will pass off, and the limbs will be drawn np towards the 
body. 

If the hog be sow miflpaided by the neek, the limbs will bang 
dpwn ffeely. ^oh the tip of one of the toes, and the limb will 
be snddenly drawn np to the bodv, and after some time gradnaJly 
fall a^ain. Stroke one side of tne body with a needle. When 
this is done gently, only a slight movement of the masoles of the 
side will be obeerved. But if tiie irritation is increased the move- 
ments become more general^ and ai length the limbs may be 
eapsed to move. 

If, while the limbs are hanging down quietly, one of the toes be 
touched with dilute acid, the limb will be immediately drawn 
up. Pinch the skiniupon the inside of the thigh, the legs will 
kiok as if endeavouring to lemove the object which is irritating 
it. Put a drop of vinegar or dilute acid upon one of the thighs, 
the leg will be quickly moved about as if to rub off the acid. If, 
however, the leg be secured so that it cannot move, the leg of 
the opposite side will endeavour to rub off the add. 

To show that all the above mentioned reflex phenomena depend 
upon the integrity of the spinal oord, pass a blunt wire down the 
neural canal so as to destroy the spinal cord. It will then be 
fonnd that reflex actions no longer ta^e place. 



CHAPTBB Xn. 
SENSATIONS AND SENSORY ORGANS. 

Sensations are states of consciousness, due to certain 
conditions of the brain, wliich are brought about nor- 
mally by inflnences conveyed to'that organ along parti- 
cnlar sets of nerves. The terminal fibres of these nerv^ 
are connected v^th structures termed sensory orgcms^ 
v^hich are specially adapted to receive impressions, as the 
eyes, ears, etc. Only the brain, however, is capable of 
perceiving sensations (p. 27). 

Some sensations appear to be definitely localized, 

wbile others seem more or less diffused. Of the latter 

kind of sensation are the feelings of restlessness^ uncom" 

/ortahlenessj faUgvs^ and fairdnsss^ which cannot be 

assigned to any piurticnlar part of the body, and are 
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probably due to the oondition of the blood or tissues 
generally. 

That pecnliar sensation experienced in overcoming re- 
Histances, as, for example, in lifting a weight, is due to 
what is termed the muscular sense. It is this sense 
which enables us to judge of the relatiye weights of 
objects by poising them in the hand. It is quite a 
different sensation from that arising from mere contact 
or even from pressure. For example : when the hand is 
placed upon an object the sensation of contact is experi- 
enced, and if the hand be allowed to rest upon a table, 
and a heavy body be placed in the palm, the sensation of 
pressure will be lelt ; it is not, however, until an attempt 
is made to raise the hand with the object in it, that the 
musoulcMr s&nse is affected, and the weight of the object 
perceived. 

The senses are usually said to be five in number: viz., 
t(yueh, taste, smell, hearmg, and sight, the sensations 
noticed above being regarded as different kinds of touch; 
but as they differ somewhat from the sense of touch, 
properly so called, it has been thought better to mention 
them separately. 

I. The Sense of Touch. 

Organs of Toucli. The sense of touch is poissessed 
by the whole external surface of the body, by the cavity 
of the mouth and by the nasal passages, the degree 
of sensibility varying very considerably in different parts. 
In those parts which possess this sense in a marked 
degree the dermis is raised up into numerous papiUas 
(fig. 52), that are well supplied with blood capillaries 
and nerves. How the nerves terminate in the papillae 
is not known. But where this sense is specially acute, 
as at the ends of the fingers and the tip of the tongue, 
many of the papillee are found to contain peculiar 
rounded bodies, termed tactile corpuscles (fig. 52), which 
are connected with the terminations of the nerves. 

The epidermic cells intervening between the ends 
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of the nerve and tlie object felt ftre an essential part 
of the oi^^an for tonch. The neceseity for this coyering 
18 Bhown by the fact that when it is removed by blistering 
or othsrwise, the contact ^ 

of the exposed ports 
vith any otgeot oftTues 
pom, instead of the trae 
sensation of tonch. 

Kerree. The nerves 
of touob are derived 
chiefly from the pos- 
terior roots of the spinal 

Aoutenen of Tonoh. 
The seosibility of dif- i 
ferent parts of the body J 
may be readily tested \ 
by means of a pair of ' 

blant-pointed com- _ 

passes. If, while the E^^fSil,:i^!;Jn°^Ai-:-.-^-^ 
eyes are closed, the i'i™"-»i';*""'»'u-''pi*™j» i™-i 
pointa be separated and applied to the skin, it will be 
tonnd that they produce the sensation of one point, until 
separated to a certain distance, which varies acoordieg 
to the part operated upon. It has been found by this 
ineans that the tip of the tongue can distingiush the 
two points when only ^ of an inch apart, the end of the 
finger at -^^ of an inch. Upon the cheek the points may 
be separated one inch and yet give rise to one sensation 
only ; and it is said that upon the back a separation of 
three inches produces bat a single sensation. 

The sensations of heat and cold are also felt by the 
skin, bat it appears probable that there are special 
sensory nerves for this purpose. 

II. The Sensi or Tabtb. 

Organa of Taste. The tongue is generally called 
the organ of taste ; hut this sense is not confined to the 
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tougae, since the soft palate and otiier partions of the 
ba^k part of the mouth possess the same power. 

The Tongue. The mncons membrane covering the 
tongne consiste, like the akin, of two portions: an 
internal layer, furnished with blood vessels and nerves 
and an external epithelial layer. The similarity is still. 




further increased by the presence of nnmerons papdlte, 
supplied -with blood capillaries and nerve filaments. 
The papillie of the tongue are, however, peculiar in 
this respect, that they are of difierent kinds, viz, : 
filiform, fatigiform, and circumvaUale (fig. 53). 

The filiform, papilla) (fig. 54, a) are scattered over the 
whole surface of the tongue, but more especially about 
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the middle and front. Tliey are conioal, elongated, and 
covered with a l^ck epithelinm. 

The Jungiform papilke are found chiefly npon the sides 
and tip of the tongue, but are also scattered arer other 
parts. They are nsnally expanded at their oater ex- 
tremities, wiLence the name. 

The drcumvaUate papillie, about eight or ten in nnm- 
ber, are placed at the back of the tongae in the form of 
a y (fig. 53, a). They are larger thui the others, and 
each consists of a ciroolar elevation, 
anrronnded by a ridge which leaves 
a groove or valley between itself j 
and the papilla (fig. 6^ e). 

The papUls of the tongae are 
called compoTtnd because their sur- 
facesareooveredbynnmeronsBmall i,^ 
eeeondary papilla, which, like those 
of the skin, are covered by the epithe- 
lium, and supplied with blood ca- 
pillaries and uervoas filaments. 

In the thiokueaa of the ^ithe- fb. u. cpm. trou o» 
Horn of some of the papilla, and £^;™(m(™r\1i£; 
especially in the sides of the ciroiun> '°^ '' '■ •^'"°"''*"- 
vallate papille, are to be found oertain oval or pear- shaped 
bodies, or capeoles, which are said to open upon the snr- 
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face by small ducts. These capsnles have been termed 
taste-gohletSf and are connected with the terminations 
of certain nerves (fig. 55). 

In order to affect the nerves of taste substances must 
either be taken in a state of solution or be soluble in the 
moisture of the mouth. 

Nerves. The tongue receives sensory nerves from 
two sources : the posterior parts (and the back parts of 
the mouth) are supplied upon each side by branches 
from the glosao-pha/ryngeal^ while the anterior part is 
suppHed by the Ungiml hra/neh of the j^^ nerve. 

Taste and Smell. The senses of taste and smell are 
frequently very intimately connected, and it is some- 
times not easy to decide which of them is most affected. 
Many substances lose their flavour if, while they are 
being tasted, the nostrils are closed so that the odorous 
particles cannot act on the organs of smell. 

III. Thb Sensb of Smell. 

Organs of Smell. Immediately within the nostrils 
(a/nterior nares) the nasal passages pass directly back- 
wards, and open by the posterior na/res into the pharynx, 
just above the soft palate. They are simply the lower 
portions of two cavities, called the nasal chambers, 
which extend upwards for some distance. These 
cavities are separated from each other by the partition 
or septum of the nose, which extends from the anterior 
nares upwards and backwards to the posterior nares. 
Upon the outer wall of each cavity the mucous membrane 
is spread over three delicate scroll-like bones, lying one 
above another, and known as the stiperior^ middle^ and 
inferior turhinal or spongy bones. 

The nasal chambers are bounded below by the bones 
of the palate, which separate them from the month. 
They are separated from the cranial cavity above by a 
plate of bone, called the cribriform plate, which is 
perforated with many holes for the passage of the 
branches of the olfactory nerve. 

The organs of smell consist of the mucous membranes 
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lining the upper part of the two nasal ohambera. 
Tnese meibbroiies are oovered with columnar or cylindri- 
cal epithelinm; bat between the ordinary cella are 
(o be found other a 

much more slender 
nucleated bodies, 
termed oi^aetory eeJXi 
(fig. 57). Theont«F 
extremitoes of these 
bodies terminate Rb- 
mptly on a level (or 
nearly so) with the 
oolnmnar cells ; but 
their inner ends be- 
come mnch more at- j 
teimaied, and are ' 
probably continnoes 
with the nerve fibres. 
There is reason for 
believing that odori- 
ferons particlefl com- 
mnnicate impresaionB 
to the olfactory cells, 
and that these trans- ^■S^J^^S^S^ tT'^Si^''^^'^^^ 
mit the impressionH aMi^bSrS^S.SItaSSSlSS^S^;:,^^ 
to the nerves. ~J!?«l!rpiSu»Si^*'SSSc'3^^ 

2f erves. That por- 
tion of the mncons membrane yhich cotctb the superior 
and middle tnrlnnal bones and the npper part of the 
septom, is supplied with nerves from the olfactory bulb, 
and coostitates the tme oi^an of smell. The nerves are 
•f the kind known as nonmedollated (p. 171). 

The lower portion, including that which covers the 
inferior turbinal bone, is supplied with branches from 
the fifth pair of cranial nerves. This portion of the 
nasal cavity is ciliated, but the npper or ime olfactory 
portion possesses no cilia (p. 145). 

Action. In order that the olfactory nerves may be 
nffeoted by odoriferons matters, it seems necessary that 
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these shonid be diBGolred in the nioiBtnre coTeruiR tbe 
macooB membrane ; for when thiamembraDe 
is dry the sense of smell is more or lees 
impaired. 

In ordinary breathing, with the month 
closed, the air passes throogh the lower 
part of the naeal chambers, Oa its vs,y to 
the glottis ; but little or no air passes sof- 
ficientl}' high in the cbam.bers to come into 
contact with the proper olfactory portions, 
and odours are only commnnicated to these 
parts by being diffased through the air wMoh 
ooonpies the npper part of the chamber. 
When we wish to smell an odonr more dia- 
tdnotly, we draw the air in at the nostrils 
more rapidly by the process of sniffing ■ this 
oanses it to' pass more directly apwards, 
& wu^oi ""^ *** come into contact with the npper 
DO. D^ibf^Bi portions of tiie chambera, and oonseqnent- 
suM •i>»iii°!M ly into dose relation witii the ol&otory 



IT. Thb Sense of HBAsina. 

The Straotnre of the Ear. — QeneraX View. The 
organs of sense hitherto considered are very simple in 
atmctnre compared with those abont to be described. 
The ear SJid eye are both very comphcaied organs, pS- 
qniring careful study. They reeemUe the organs of 
smell in being doable, one being placed npon each aide 
of the head, 

For convenioDce of description Uie organ of hearing 
is divided into three parts, vis., 1. the ExlemcU, 2. the 
Middle, and 3. the Interned ear. The latter of these ia 
the most important; and in it the anditory nerve ends. 
The auditory organ ia lodged in tiie fempwai bone, the 
internal ear being in that portion called the peirotal or 
fiarg petroBa (fig. 8, »). 

The position of the pwna, or what is commonly called 
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the «ar, is enfSciently Trell known, and the rel&tiTe 
positionB of the other parts of the auditory organ may be 
seen in fignre 58. 

1, The Exiemdl Ear. The external ear conMts of the 
pinna, a, which is chiefly oompOBed of cartilage, and 




of ft tnba called the exteraal auditory meatus, h, which . 
poaseB directly inwards from the pinna ; the onter por- 
tion of this tabe is cartilaginons, and the inner bony. 
The skin which lines the external meatus is supplied 
towards its onter part with nnmerons small glands which 
secrete the eerv/men, or wai of the ear. 

2. The Middle Ear, or Tympamum,. Thetympannm is 
completely separated from the external anditory meatus 
by a delicat« memhrane, called the turrvpante membrane 
or •membrane of the drutn (c), which is Btretcbed 
obliquely acrOBB its inner end. On the inner side is a small 
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bone called the maUeu* (fig. 59, c), from its Bnpposed 
reBembl&nce to a hammer ; this is attached to the oentre 
of themembrane by a process corresponding to the h&ndle. 
Another and more delicate process of the malleiis is called 
the proeesgws gracilis. The head ot the mallens rests npc«» 
a second small bone called the a/mnl, or inous (d). Thia 
has also two proceeses, the shorter one being attached to 
the hind wall of the Wmpannm, while the longer is con- 
nected with a third bone called 
the stofei or stirmp bone (e). 
At the point where the incna 
joins the stapes there is a very 
small nodule of hone called the 
(u orbimlare. The hase or foot 
' plate of the stapes fits into an 
oval apertnre in the inner wall 
■i-wS »S^(«Siui-r=«i,ii °* ^^ tympannm, called the 
■b.); •.•iiBiui>^t«Tp>w>: fenestra oeali*. Thus it will be 

*, brmpuU mtiDbfUH « dram; J ,, . .1 . . - 11 

6i»aotiMii™,^,iuii.niiiiii-, seen that there ezists m the 
middle ear a series of fonr small 
bones, extending from the tynvpoMic taemhrane, across the 
tympanic cavity, to ^efenettra ovalit. 

The plate of the stapes is ^steoed to the borders of 
the feneelra ovalit by a membrane, so that this apertnre 
which leads into the internal ear is completely closed. 
Jnst below this is another orifice, aptly termed the 
fenestra rotanda, also closed by a membrane. 

The front part of the tym^anvmi commnnlcates with 
the upper part of the phaj^nx by means of a wide canal 
called the Eu«laehian tube (fig. 58) ; both this and the 
tympanum itself are lined by a ciliated mncons membrane. 

Two small mnscles mnst here be. mentioned. The first 
passes from the floor of the tympanum to the orbicular 
bone, and is called the stapedius. By its contraction it 
increases the tension of the membrane of the fenestra 
ovalis. The second, called the tejisor tympaad, is attached 
to the mallens and the front wall of the tympanum, lius 
serving to tighten the membrane of the drum, 

3. The Interaal Ea/r, or Labyrmih. Immediately vitiiin 
the fenestra ovalis a small clmmber, called the vetHbv^ 
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18 hollowed out of the petrosal bone (fig. 60). Commimi- 
cafcing with it are three Bemicircniaj: canals (also hollowed 
out of the same bone) whose ends open into the vesti- 
bale. On account of their positions they have received 
tJie names of anterior and poeterioT vertical, and external 
horieontal, temicircular 
canals. One end of each 
becomes dilated just be- 
fore entering the resti- 
bnte, the dilatation being 
termed the ampulla. 

The vestibule and 
canals are known 
the hony labyrinth 
order to distinguish them 
from the mBmhramottt 
lahyrinfh now to be con- 
»dered. Within the 
vestibnle is 6. membran' 
cms bag, the ve»iibvlar 
sac, consisting of two Kl^J^iSJfS „ 
parts, termed Ae saceUlm t^.SiiLi'rjrS 
h^migpherious and (he i*"™""*™!!*" 
■utrioahig, which are separated by a thin membrane. 
Into the latter portion open three memhranoita semi- 
circular canals, which lie in the bony canals already 
mentioned ; each has a dilatation, or ampulla, correspond- 
icg to the dilatation of the bony cand. 

The vestdbnlar aao and its semLcirciilar canals do not 
quit© fill the bony cavities in which they are lodged, and 
the space left is filled by a watery fluid called the peri- 
lymph. The sac itself and the membranous canals are 
fflled with a very similar finid, termed the emdolymph. 

Within each membranous ampulla is a transverse 
lidge bearing haw-like processes, which are* prolonga- 
tions of the epithelial cells. The vestibular sac contains 
similar but less prominent ridges, with few or no hairs ; 
in their place, however, are found minute calcareous 
particles, termed otolithet or otoconia. 

Communicating with the front of the vestibule is 
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ftDother peculiar canal, also hollowed oat of tbe bone. 
It is coiled upon itself about two and a half times in the 
form of a snailshell, and has on this acconnt received 
i of die cochlea. The portion of bone which 




oocnpes the inside of the coil is termed the modiolm 
(fig. 62,/). The interior of the spiral tnbe is divided 
thioDghont its length by a partition called the lamina 
tpirahs (flg, 61, d) into two portions called icalce. That 
edge of the partitaon irfaich joins the modiolns is boay, bot 
the oater part is membranons, and has a very complei 
stmctare. The Bcala npoa one 
side of the lamina ^ralit opeiiB 
freely into the bony vestibnU, 
and is therefore called the scala 
L vmtibitli; while that upon the 
* other side of the partitioo, being 
only separated by the membiane 
„ of the /wetlra rotunda from the 
» lifmjMnun*, ts called the teda 
X iipn^ani. These two aealee oom- 
»^°^S1?cSb\'T!S 'ir'iiS,^ mnnicate with each other at the 
CtS^SwTt^r^CtSl; summit of the cocble», at which 
'*"' point the loniina nmroli* is want- 

ing, and both are, as might be expected from tteir fre* 
^^b'^^*'^^ **'^ ^^ ■'estibule (not the veatibnlw 
■ac), filled with ^vnlympK 
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By referCDoe to figure 63 it irill be Ken that the 
membrane of the outer part of the Jomina tpiralia 
separatea into two portioas, tJie space between fonniiig 
a triaugnlar caaial (the acaia media, «), which extends 
from the base of the cochlea, throaghont the leiigth of 
the lamina -spiralis, and terminates with it near the 
Bnmniit of the coohlea. The tipper end of this scala is 
oloeed, while the lomer. end opena into the yestibnlar aao 
hy a email dnct. The membrane which sepanitm the 
. aotda utedioi from the etala veatibvii, is Icnown as the mem- 
&ra(W<i^£flu«ner((J),wthile that which sepamteB theacola 




media froni theccola tympani is tenned the hcuiiar mem- 
hrcme{e). The latter stmctnre is very elastic, and the ar- 
nu^ement of its parts ie peenliar, aa mt^ be seen by 
reference to figure 64, which represents a traasTeree 
section very maoh enlarged. Upon that side whioh is 
diteoted towards the soala media, is placed a vast anm- 
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ber of minute rod-like bodies, the fihres of Oorti, eacli 
of which consists of two portions joined at an angle 
(c, d). Upon the inner side of the Gortian fibres (that is, 
towards the modiolus, there is a row of cells which are 
provided with hairlike bodies at one extremity ; one of 
these hatr-cells is shown at e\ Outside the Oortian 
fibres there are several rows of similar cells (e, e). The 
membrane (/) which stretches over the hair-cells is 
known as the reticular membrane, and has perforations 
through which the hairs of the hair-cells project. An- 
other membrane which passes outwards from the erisia 
spiralis (i) is called the memhrana tectoria (h). When 
the surface of the reticular membrane is viewed, the 
cells and fibres of Oorti are seen to be arranged in an 
extremely regular manner side by side, somewhat 
like the keys of a piano. 

Nerves. Branches of the auditory nerve pass to each 
ampulla, and to the vestibular sac. They appear to he 
connected with the epithelial cells in the neighbourhood 
of the hair-like processes and of the otolithes. 

Other branches are distributed to the cochled ; these 
enter the modiolus, and pass by special canab in the 
bone through it and through the lamina spiralis to the 
edge of the basilar membrane. The manner in which 
they terminate is not certainly known ; but some of the 
fibres have been traced to the hair-cell. 

Functions of the Ear. Sound is the eflfect of certain 
vibrations upon the auditory nerves. The vibrations of 
a body commnnicate wave-like motions to the surround- 
ing media, and in this way sound travels. A body 
sounding in air throws this eJastic medium iiito a 
state of vibration, producing a series of aerial 
waves. It is found that stretched membranes take 
up these vibrations from the air with very g«ft* 
readiness. 

Sound waves may be conveyed to the auditory nerrei 
in three ways : — 

First. By impinging upon the outer surface of the 
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skull. In this case the vibrations wonld probably be 
almost lost before reaching the anditory nerve. 

Second. By impinging upon the pinna or concha of the 
ear and being conveyed through its substance and that 
of the walls of the external meatus to the tympanic mem- 
brane ; and thence, in a manner to be presently described, 
to the auditory nerves. 

Third. By entering the external auditory meatus, and 
impinging upon the tympanic membrane, thereby causing 
it to vibrate. There can be no doubt that the latter is 
by far the most important mode in which the vibrations 
are transmitted to the nerves. 

Sound-waves striking upon the tympanic membrane, 
cause it to vibrate, that is to move in and out with 
every wave. This motion is communicated to the mal- 
leus, and thence in turn to the incus and stapes ; so that 
as the tympanic membrane vibrates, the stapes moves 
in and oat of the fenestra ovalis. 

The vibrations of the tympanic membrane are also 
conducted by the air in the tympanic cavity, and the 
sound waves consequently impinge upon the inner 
-wall of the tympanum* and upon the membranes of the 
fenestrsB ovalis and rotunda. 

. The extent to which the membranes of the ear will 
vibrate must depend upon the tightness with which they 
are stretched. Now the aiajpedius muscle, when it con- 
tracts, tends, as we have seen (p.l22), to tighten the mem- 
brane of the fenestra ovalis ; while the contraction of 
the tensor tympcmi muscle tightens the tympanic mem- 
brane. The vibrations of the membranes are therefore 
controlled by the contraction and relaxation of these 
tw^o muscles. 

The vibration of the membranes of the fenestras ovalis 
and rotunda causes a vibration in the perilymph of the 
bony labyrinth and cochlea ; from which the vibrations 
are transmitted to the endolymph of the membranous 
labyrinth and scala media. Finally the otolithes and 
fibres of Oortij set in motion by the vibrating endo- 
lymph, so stimulate the filaments of the auditory nerve 
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as to canse them to convey to the brain the impressioB 
which we call sound. 

It has been thought that it is by means of the mem- 
branous labyrinth that we reoeire impressions of the 
varying intensity of sounds, while the cochlea enables 
us to discriminate between sounds of different pitch. 

It is well known that a tuning fork will commence 
vibrating if its own particular note be sounded near to 
it. It has been supposed that the fibres^ of OorU Bice each 
tuned, as it were, to a different pitch, and that when a 
musical note is sounded, the vibrations being conveyed 
to the scala media, affect only that partioular^&rd <f OorH 
which is tuned in unison with the note. According to this 
view every musical sound picks out a particular Corfcian 
fibre and sets it vibrating, the vibrations influencing 
the nerve filament connected vnth it, so as to give rise, 
in the brain, to the impression of that particular sound. 

The Eustachian tube appears to serve the purpose 
ol keeping the air inside the irpipanum at about tJu 
same tension as that outside. . 

V. The Sense of Sight. 

The Eye or Organ of Vifiion. Structure of the Eye. 
We have now to consider the apparatus by which im- 
pressions of light are received and converted into in- 
fiuences capable of affecting the brain so as to give rise 
to the sensation of light. 

The eyes are two globular bodies, lodged in two' 
cavities in the front of the skuU, which are termed orbits, 
and surrounded by certain appendages serving for their' 
proper adjustment and protection. 

The eyebaU is a hollow body nearly spherical in shape, 
of a whitish colour, and opaque, except in front, where it 
is transparent. Cutting it open, it is found to consist of 
three coats, termed respectively the sclerotiCi the choroid, 
and the retina (fig. 6b). The first is the external coat, 
the last is a fine meshwork of nerves^ etc., lining the 
back and sides of the interior. Lnmediately beneath 
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the transparent portion, orr cornea, is a space filled with 

watery fluid, called 

the aqueous hvmovr. 

Next comes a. com- 

parativelj dense leins* 

shaped mass called the 

erystallme lens, behind 

which, an4 oc^pying 

the gpreater cavity of 

the ball, is the vitreotM, 

TmmQwr^ less dense 

than the crystalline 

lens aqd more so thai^ h 

the a.qneon9 hnmonr. 

Tlie Sol^e^otlp. The 
white, shining outside 
coat or sderotio (fig. 

65,5) is COnipOSed of Fm. 6B^ Hoz^MBial Motion of the l«ft eye, ▼!««« 

' < •• n\l X* the lower hall, somewhat enlarged: a, ooniea; a', 

V&TY tOUgn nprOUS tlS- ooAjune^iraj b, selfrot&B, eoutiauQUs with e, eheatb 

*' . ■■ P • •• J of optio nerve ; d, dhoroid. eonilstiiig of twp layers ; e, 

sue, tnat is continued retiM i tr, maoola lute* ; /. oUla^ procoM ; a. ehamber 

. . .-I 1 ^^^x containing aqueoM hnmoiu ;*, urU ;*, small chamber 

into tne . transparent^ behind the IrU ; I, etUary rnnaole : m. oaaal of Petit, 

fr«i_' ^ l.^,^ • space between .the siupensory, ligament; n, crys- 

eomea, 1 ne cornea naS talUne len« ; o.. l»rg« ob»mbec at the eye. oontainlng 

1 ^j J^^«.^« the vltreoqs hqmoar; p, artery in centre of optic 

a SOmeWnat aeeper ntfrv^i q, oppoelte the bUwl ipot; r. orra semt* 

curve than the reptof •toomiwnoement of dUary part «< retina. («««i«.) 

the eyeball, and consequently projects a little beyond 
the general surface. 

The CharoidL On the inside of the sclerotic is the 
choroid coai (d) ; this consists of two portions, a vascular 
membra^ which lies next to the sclerotic, and a layer 
of x>olygonal cells containing a quantity of brown or 
black pigment. This coat extends over the whole of 
the interior of the sclerotic, but just before reaching the 
edge of the cornea it is raised into a number of radiat- 
ing folds termed the dMary. processes (/). 

The Iris. Immediately within the cornea is the 
small chamber (g) filled with aqueous humour. At 
the back of this chamber is the vris (A), a kind of 
muscular curtain, the colour of which varies in difierent 
individuals. In the centre of the iris is HhepupU of 
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tke eye, which is simply an aperture through which the 
light passes. The iris is composed of connective and 
elastic tissues, with bloodvessels, nerves, and nnstriped 
mnscnlar fibres. Some of <the latter are arranged in a 
circle around the pupil, while others are placed radially. 
Coloured pigment cells exist throughout its substance ; 
but the inner surface is covered by a layer of dark pig- 
ment cells continuous with those of the choroid. The 
iris is attached at its circumference to the cornea and to 
the ciliary processes of the choroid. 

The Crystalline Lens. Behind the iris, between 
the aqueous and vitreous humours, is the crystalline lens 
(n) : a doubly-convex* transparent, elastic, colourless 
body, having its &ont face curved less deeply than the 
back. It refracts light more strongly than either the 
vitreous or aqueous humours. 

The lens is composed of peculiar fibres, arranged in 
a very complex manner. When hardened by boiling or 
otherwise, its substance may be peeled off in a series of 
layers, like the coats of an onion. 

The lens is contained in an elastic capsule, and is held 
in position by what is called the suspensory ligament. 
This ligament is attached all round to the front and 
border of the capsule ; and passing outwards is also 
connected with the ciliary processes of the choroid. 

The Ciliary Muscle. Between the sclerotic and the 
ciliary processes are to be seen certain nnstriped muscular 
fibres. These form the ciUa/ry muscle (I). They are at- 
tached to the sclerotic near its junction with the cornea, 
and passing backwards, are inserted into the choroid ; so 
that when they contract the choroid is drawn forward, 
and when they relax the elasticity of the choroid causes 
it to resume its former position. 

The Betina. At the back of the eyeball and a Httle 
towards its inner side, the optic nerve pierces the 
sclerotic and choroid coats, and liien spreads out to form 
the retifia (c), which is a delicate nervous membrane, ex- 
tending over the inner surface of the eye between the 
vitreous humour aad choroid, and reaching nearly to the 
ciliary processes. . 
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The Yellow Spot, or Mamla Lutea. When a perfectly 
fresh hiLinaii eye is cut across so as to separate it into 
anterior and posterior balyes, there is seen in the latter, 
nearly opposite to the centre of the lens, an elliptical 
yellowish spot, the macula hitea (e) ; this is the part of 
the retina most sensitive to Hght. In the middle of the 
macnla lutea is a small depression, termed the fovea 
centralis. 

The BUnd Spot On the inner side of the yellow spot, 
and some little distance from it, is the point at which the 
optic nerve enters the eye. Bloodvessels may be seen ra- 
diating from this point over the retina. This spot, being 
altogether insensible to light is called the blind spot (q), 

Microscopie Structure, The retina, sdthough apparently 
a simple membrane, is nevertheless a very complicated 
strudnire ; but in order to see this, it is necessary to 
make exceedingly thin> sections perpendicular to ite 
snrface, and to examine them with a powerful micro- 
scope (p. 173). A portion of such a section is represented 
diagrammatically in fig. QQ, and will be seen to con- 
sist of a series of layers of fibres, granules, and cells. 

It should be noticed thsCt the layer (a) is the surface 
which naturally lies next to the choroid coat, and that 
marked (%) nearest to the vitreous humour. 

The layer (a) consists of a great number of minute 
cylindrical bodies arranged perpendicularly to the sur- 
face of the retina ; these are called the rods; among them 
are other bodies somewhat pyrif orm in shape, which are 
termed the eones(h). The outer granular layer (c) contains 
annmber of granules, some of which are attached to the 
bases of the rods amd cones, Kerve-fibres pass from the 
granules and probably form the layer of interwoven 
fibres (di) ; nerve-fibres also pass from this interlaced 
portion to the inner grmmla/r layer (e). The layer of fine 
cowoohited nerve-fibres (/) is connected with the inner 
granular and with the ganglionic corpuscles (g). The 
connective tissue which naturally lies among the convo- 
luted fibres, appears to contain numbers of molecules, 
and hence this layer has been termed the molecular 
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layer. At A is seen the iayet of iien«-fibie8 sia-ead out 
from the optio nerre. 

All theee Ittjers of the Tettn», except that of the 
rods and conee, are 
held togeOier b; oon- 
nectiTe ttasne, wfaieh 
extends from i, 
-where it forms the 
inner or anterior Utni- 
tary membrane, to 
i, ilie outer or piM- 
tonor Unitury mem- 
brane. 

At tiie blind spot 
there are no rodt 
and. eoneg, }mb ftt th& 
yellow qmt tiie oonea 
are tbtj nomeroas, 
irhile aJl the other 
layers become very 
mnch thinncv^ 

Besides the optie 
lurne, which is alone 
oonoemed in the 
of im- 
of light, 
the various parts of 
the eye taa soppUed 
-with hrenclKe from 
tfaethird and fiftTi ora- 
nial nerves, and also 
from the sy mpsthetdo. 
The arteiy wUoh 
supplies the rattnai 
with blood enters ihe 
Bolerotic, as has been 
mentioned, in the centre of the optic nerve (fig, 65, 
p) i and its branches ramify in the retina between 
the intenud limitary membnue (t) and the intter 
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grcmalwr layer (e) ; bo that they lie altogetlier in 
front of tiie lajw of rods and cones, T?nicli, as 
we shall presently see, are alone sensitiye to light, 
NTEmerous small arteries supplying other parts of the 
eye, enter at the back of the sclerotio. 

FiixLotions of the Parts of the Byei All the variona 
parts of the eye just described subserve on» or other of 
two distinct offices. One part, namely, the retina^ having 
for its function the conversion of Inminons impressions 
into nervons influences, capable of giving rise in the 
brain to the sensation of light; while all the other 
structures, form portions of an apparatus foiv throwing 
distinct images of external objects upon the retina. 

Befrajction of Light. When light passes obHquely 
firom a rarer to a denser medium, as for eocample from 
air into glass, it is bent out of its straight course, or 
refracted* When abeam of' light is made to pass through 
Btdmbly convex lens, the refii^botion takea place in such a 
iBannerj that after passing through the lens, the rays 
converge approximately to a point; or focus as it is 
termed. The effect of this may be easily seen onplaoing 
a lens between a candle flame and a. screen; by moving 
the lens gradually from the screen, a point will be 
reached, when an inverted' image of the flame will be 
seen upon the screen. If the lens be fixed in this posi* 
tion, and the flame gradually removed from it, it will be 
found that the image on the screen becomes less and 
less distinct. If now the lens be moved nearer* to the 
screen, the image will regain its distinctness* The clear 
ixnage might al«> be again obtemed by substituting 
another lens of greater focal length. 

Ftmction of the Crystalline Lens, The crystalline lens: 
acts in just the same way as the lens in the above 
exjperiment, throwing images of external objects upon 
the retina, which forms a. screen. The luminous eifect 
is increased by the retina being enclosed in a chamber 
from which all other light is excluded. The eye is in 
fact a camera of a very perfect kind. When rays of 
l%ht reflected from an object strike upon the cornea, they 
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become to some extent refracted ; tlie cryeiallvne lem^ 
however, is the chief means by which they are brought 
to a focus npon the retina. 

If the parts of the eye are arranged so as to throw 
upon the retina a distinct image of an object which is 
distant, say ten inches from the eye, it will be obvions 
from what has been said, that objects that are at a 
greater distance will not be clearly depicted on the 
retina. And as it is necessary for distinct vision that 
all objects should be clearly focussed, it follows that near 
and distant objects cannot be distinctly seen at one 
and the same time ; this is a fact with which we are all 
well acquainted. 

Adjustment of the Eye to necur and distant Objects, The 
means by which the lens of the eye is adjusted in order to 
change its focus for near or distant objects is very 
peculiar. It can be shown by experiment that the 
front facei of the lens becomes flatter when distant 
objects are looked at, and more convex when the eyed 
are fixed upon near objects. This change is generally 
acknowledged to be brought about in the following 
manner. We have seen how tiiat the lens is attached 
to the ciliary processes of the choroid by the ciliary 
ligament ; now under ordinary circumstances this liga- 
ment is in a state of tension, consequently the lens, 
which is very elastic, is flatter than it would be if the 
tension of the ligament were relaxed. The contraction 
of the ciliary muscle (fig. 65, Z) draws the choroid coat 
more forward ; this of course allows the tension of the 
ciliary ligament to relax, the result being that the lens, 
in virtue of its own elasticity, becomes more convex. If 
after looking at a distant object the eyes be directed 
suddenly to some near object, a feeling of effort will be 
experienced ; this is caused most probably by the con- 
traction of the ciliary muscles. 

The Uses of the Iris, It is found that the rays of light 
passing through an ordinary glass lens near tl^e circum- 
ference, are not brought to a focus at the same point as 
those which pass through nearer the middle'; the con- 
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seqxtenoe is, tbat the image appears more or less blurred. 
This is remedied b j using an opaque plate or diaphragm, 
with a hole in the centre, to intercept the rajs near the 
circumference of the lens. In the eye, the iris acts as a 
diaphragm ; but with this peculiariiy, that the size of 
the aperture can be altered to admit more or less light ; 
and farther, these alterations take place invx)lunts^7, 
being entirely due to reflex action. If we look at a bright 
light, the effect upon the retina is such, that an afferent 
impulse is carried to the brain, and there reflected upon 
nerves connected with the muscular fibres arranged 
around the aperture of the ins (p. 130), causing them to 
contract, and consequently to reduce the size of the 
pupil. The extraordinary manner in which the pupil 
of a cat's eye contracts and dilates is a matter of fre- 
quent obserration. 

The PoirU of Diaimet Visum, It is necessary to distinct 
vision that the image of an object be not only clearly 
formed upon the retina, but also ihat the image fall upon 
the macula hiiea. If it fall upon any other part of the 
retina it may be visible, but not distinctly. When we 
wish to see an object clearly, we instinctively turn the 
eye into such a position that the image falls upon the 
ma^a lutea. 

The BUnd Sjpot It has been stated above that 
this spot is altogether insensible to light; this may 
be shown in the following manner : — Make on paper two 
black dots about three inches apart ; then close the left 
eye, and holding the paper at a distance of about 
twelve inches, look steadily at the left dot with the right 
eye. In this position both dots can be seen. Now bring 
the paper gradually nearer to the eye : at a certain point 
the right dot will disappear. Bring the paper nearer, and 
it will again come into view. It can be proved that 
the dot disappears when its image falls upon the 
point of entrance of the optic nerve. This point is 
therefore termed the blind spot. 

The Functions of the Bods and Gones. The parts of the 
retina believed to be chiefly concerned in the reception 
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of liimiaotis rays are the rods and wnes; and lying as 
they do nearest the choroid, the light in order to reach 
them has to pass through all' ihe other layers of the retina. 
The inference that the impressions of ughtare received 
by the layer of rods and:cones, and not by the fibres 
of the optic nerve, i& founded on the fdlloi/ring facts : — 

1. Aitfae Uind spot there are no rods ■ and oones^ bnt 
' many optic nerve &res. 

2. At ihe maoula Z«i6a, 'the place of most perfect 
T vision, the layer df'ro(29'«»^ covtea isfioinov^hat thicker, 

the cones in partiotdar being* very mammons ; vsrhile the 
'nerve-fibres and other layers of the r^itina are absent. 

3. Wo have seen that the bloodvessels of the reidna 
wwttify between the ^mer granula/r layer sjid the wUemal 
limitary membrams (p. 1^) ; and ^as the light has to 
pass tlurough these layers before it reaches' the rd^^ ^smd 

^conesy the^ shadow of the' bloodvessels must be thrown 
upon the' rods ^a^ dtma^, and if these are sensitive to 
light we shoo!] d expect to see the shadows 6f the vessels. 
Ordimarily'they are not seen ; but if, on entering a dark 
room, the eyes be directed towards one 6f the da^k walls, 
and a light be moved up and down close to the enter 
Bide of one of the eyes, shadows of the bloodvessels 
will be seen as red branches, cast apparently npon the 
dark wall. 

OpiioNerve^not affected by LigM. The-opUc nerve itself 
is insensible to light; bnt if it be initated ' by pinching 
or galvanizing, nervous influences giving rise' to the 
sensation of light are carried to the l^in. 

I^xration of Impressions of Idght. The ieffbot bf 
< light continues upon the retina ^aboutan c^hth of 'a 
'Second after i^e : Hght has ceased to fall tipon it ; con- 
cseqnently, if less time than this intervene^'between two 
Timpressions of light, they 'will give rise to > bnt one* sen- 
' sation. Hence -it is that «n object > whirled • rapidly 
"round appears asaoirde, and -not as ^ a single object in 
any one place. 

'Temporary BHandnesB. The sensibility of the retina 
io impressioiis of light is' very soon impadred» If we look 
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stedMlilyat a bright spot on a blaek gronnd for a time, 
and then look ' at a sheet of 'white paper, a dark spot 
-will be seen. This is caused by the part of the retina 
on which the bright spot &lls becoming £or a time 
partially blinded, consequent! J the l%ht reflected from 
the white paper has not the same effect upon it as upon 
the surrounding parts. 

The most curions effects of temp(H*ary blindness are ob- 

' served in connection with colours. Ordinary white light 

is made up of rays of all the colours of the spectrum. 

formally the retina is sensitive to each of these colours, 

• and when thdy^all fall ttpon it at the same time the 
sensation of white is produced.* If a bright rec2 spot 
upon a white ' ground be looked at steadily fori some 
time, and then the eyes be turned to ^a sheet < of white 
paper, a green ^tiwill be seen. The reason is that 
the part of the retina dn which the red light falls, 
becomes to a oertam degree temporarily blinded to that 
colour; h^nce,' when light ^from the white paper strikes 

• it, the red constituent produces no efieot, and the com- 
bined aetion of the otiier riEkys gives rise to the sensation 

• of green. If a green spot be first looked at, then upon 
turning to the white paper <a i*ed spot will be secoi ; red 

• and green being 'what are known as complementary 
< eolours. These appearances are termed ocular spectra, 

Oalour BUndnesB. Inability < to perceive certain 
colours, called ca^r' &Zt9M^af 6, is with some j people a 
permanent infirmity. Instances are ' occasionally met 
with of persons quite incapaUe of vperceiving .any 
colour ; but perhaps the most • oommon and at • the 
same ' time 'the most remarkable cases, '^lure those 6i 
.persons who 'cannot disidinguish red from green; ^to 

• whom redsealisigt-waz and greenleavei^ appear of similar 
"tint. 
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* It is not nedesBi^iy that all the oolouirs .shdnld be present in 

order to produce white ; yellow and hJue rays when combined ap- 

'l^^towhitei and'so do r£(ran(2 greenish &Zue, and greenish yellow 

)Btnd'^oUt: Any iwo ooloitrs'wluch-whto combined produce white 

are termed' ^t>mjp^«iiiMMa9^. 
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Inversion of Images. The image of an external object 
18 always inverted npon the retina; notwithstan£iig 
this, the mind perceives the object in an npright position. 
Why this is it is not easy to explain, bat it appears 
to be dne to the &ct that the mind, from its earliest 
development, has been led by the assistance of the 
sense of touch, to refer an impression received npon the 
lower parts of the retina to the npper part of an external 
object, and vice versd ; and similarly those received upon 
the right side of the retina to the left side of an object, 
and vice versd. 

The power we possess of determining the tme direc- 
tion of an object, although its image most be depicted 
upon the opposite side of the retina^ is dae to a similar 
edncaidon of the visual sense. 

The Combined Action of the two Eyes. We have 
hitherto simply considered the action of a single eye, 
but there are certain points with regard to the combined 
action of the two eyes which must be noticed. 

When both eyes are directed towards an object, an 
image of the object is formed upon each retina ; conse- 
quently there must be two sets of impressions of the 
same object^ although, as a rule, the mind perceives but 
one. It is necessary, however, in order that the Ueo 
images may be perceived as one^ that both eyes be so 
directed that the image in each falls upon the yellouf spot 
(or upon what have been termed eorrespondmg portions 
oi the two eyes) ; ordinarily the requisite adjustment 
takes place involuntarily^ but if it do not tsie place, 
the impression of two images is conveyed to the brain. 
This is easily proved. I^t some object be looked at 
with both eyes — ^the brain wiU perceive but one object. 
Now press gently upon the side or npper part of one 
eye; by so doing the eye is pushed out of its proper 
position, and the image is caused to fSedl npon another 
part of the retina, the result being that impressions of 
two images are conveyed to the brain, and the mind 
cannot by any effort divest itself of the idea of two ob- 
jects so long as the eye remains out of position. If 
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now the finger be gradually removed, the two images 
appear to come nearer and nearer, until they blend into 
one. 

Why it is that two images falling upon corresponding 
parts of the two retinas are only seen as one, has not 
been satisfactorily explained. It has been considered by 
some persons to be due to the decussation of the optic 
nerves (p. 110) ; but it appears most probable that it 
is the result of an unconscious mental action, somewhat 
similar to that by which the inverted image upon the 
retina is referred to an upright position (p. 138). 

When a solid body is looked at with both eyes, the 
images formed upon the two retinas are not exactly 
alike, for the right eye will see somewhat more of the 
right side, and the left eye rather more of the left side ; 
so that to some extent we look round the sides of a solid 
object ; this enables us to see objects in relief, and to 
judge of their solidity. 

If a correct drawing were made of a solid body as 
it is seen by the right eye, and another as it is seen by 
the left, and the images were to be made to fall upon 
corresponding parts of the two retinae, an impression of 
the object m relief would be conveyed to the brain. 
This is what is done by means of the stereoscope. 

Appendages of the Eye. ' Each eyer is surrounded 
except in front by fat, which forms a soft cushion for 
it to rest upon, and enables it to be moved with the 
greatest ease. 

The Eyelids, In front the eye is protected by the 
upper and lower eyelids, or palpebroe. Each lid con- 
sists of an external layer of skin supported by a thin 
plate of soft cartilage. Between the skin and the carti- 
lage are bands of striped muscular fibre, arranged in a cir- 
cular manner, and forming the orhiculaHs muscle, which 
by contracting closes the eyelids (fig. 16). The upper lid 
is raised by a special muscle, the levator palpebroe, which 
passes from the lid to the back of the orbit (fig. 69, ^). 
There is no special muscle to depress the lower lid. Both 
lids are lined with a very delicate and exceedingly sen- 

E 
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bundle, but althottgb they are brongbt into HDch cloee 
relation witb the fibres they do not enter them. 

When the fibres contract, the mnsde is rednced in 
length, bat its bnlkis not lessened; what is lost in length 
being gained in thickness. 

Unecnlar fibre is of two kinds, ttriped and wulriped 
(p. 167), which difier in their properties as well as ap- 
pearance. When a striped mnscle is irritated, whether 
directly or through a nerve, contraction takes place 
instantly, and relaxation the moment the irritation is 
removed. In the case of tinstriped mnscles the contrac- 
tion prodnced by irritation is slower, and does not cease 
with the irritation. 

All mnscles retain, for some time after death, the 
power of contracting nnder irritation ; but sooner or 
later this power goes, the mnscles grow rigid, and the 
limbs become fixed in the position they may chance to 
have assumed when this stiffening, or rigor mortU, 
begins. The rigidity is prodnced by the coagulation of 
a flnid termed myosin. 

Unstriped MuscleB. The muscles of the walls of the 
alimentwy canal, the bloodvessels, the lymphatics, the 
dncts of glands, the urinary bladder, and the iris, are 
nnstriped, and on account of their mode of arraogement 
are termed hollow iimselee, Unatriped moscular fibres 
are also found in other parts of the body. 

Unstriped mnscles are not under the control of the 
will, and are therefore termed involwrUwry musdex. 

The muscles of the alimentary canal arranged in lon- 
gitudinal and circular layers, give rise to the peristaltie 
movemeut by which the food is gradually passed along 
through the cesophagns, stomach, and intestine (p. 45). 

The action of the muscular coats of the arteries in re- 
gulating the snpply of blood has already been nodced 
(pp. 72, 88), so also has that of the muscular fibres of 
theiria(p. 135). 

The muscles of the heart are of the striped kind; 
but, like the unstriped muscles, they are not under the 
control of the will. Their action, too, has already been 
considered (p "3). 
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keep moist, bnt when the flnid , is secreted in greater 
abundance, as in certain oases of mental emotion, tbo 
lachrymal dncta cannot cany it away quickly enoagh, 
and tne excess flows down the cheeks as tears. 

The Musclee of the Eyeball. The eyeballs are ocqiable of 
considerable and varied motion in their sockets by means 
of mnaoles, of which there are sis to each eye. Fovr of 
them are straight, and are therefore called recti muscles- 
These are attached to the back of the orbit aroiqid the 
foramen throDgb -which the optic nerve passes, and 
extend forwards from thence to be inserted into the front 
part of the sderotic, one being on the npperpart, one be- 




Jow.andone on each aide (figs. 68, 69).. The«iyjmorreriM3 
maecle tnms the front of the eye upwards, the ir^e^ior 
recUie brings it downwards, the internal reciue moves it 
inwards, and the external reetita tnms it ontwards. Two 
adjoining mnBcles oontracting at the same time tarn the 
eye in an oblique direction, 

The other two miisvles are the superior and mferior 
oblique muscles (e,f). The former arises with the four 
recti at the back of the orbit, and passes forward to the 
upper and inner comer of the margin of the orbit, where 
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the akuU npot) the first cervical or atlas vertebra. 
In this iustence the atlas 
vertebra forms the /ufcrtcnt,- 
and nheit the face is turned 
upwards, the front part of 
the head is the toeight, the 
force exerted b jthe contrac- 
' tion of the muscles at the 
back of the neck being the- 
povier. When the face is 
turned downwards the 
power ia in front, and 
the leeight behind. 

2. The movement of the 
, pelvis upon the heads of 

' the thigh bones in the act 

w.^i..p;;«.(ii.ttSj:r ■ ' of raising the body from 

a stooping to an npright position. In this case the head 
of the femnr forma the fulcrum, the body is the weight, 
while the power is exerted by the masclea at the back 
of the thigh which are attached to the ischium. 

3. The extention (p. 153) of the fore-arm upon the 
npper-arm affords another example o( tbe^rsi order. 
Example of the SeJiond Order. 1. The action of the 
foot TT^n used aa in walking on tip- 
toe. The ^roaud upon which the toes 
rest is the fitlcritin, tiieteeighi is that of 
the body upon t>he ankle joint, and the 
poiver the conlr.iction of the muscles 
of the calf of the leg, which are at- 
of the AchUlet ieaidon 
to the heel-bone, or 
eaicanetim. 

2. The depres- 
sion of the lower 
jaw in opening 
the month. The 
falerum is the point 
of articulation of 
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Qie lower jaw with the ekall, the vmghi ia the tension of 
the mnsclea which close the jaw, the power is exerted by 
the liinBcles attached to the under part of the chin. 
" ^ of the Third Order. 1. The action of the 




elbow-joint in the bending or flexion (p. 153) of the fore- 
arm npon the upper arm. The fularam is the articnla- 
tion of the hnmeros with the nina and radins, the 
weight is that of the fore-arm and hand, the power is the 
effort of the bieepg mnscte, which is attached to the 
fore-arm jost in front of the hnmems. 

2. The movemeni of the leg upon the thigh when it is 
hejit or Jlexed. Tbefaleni/m is the point of contact of the 
femnr with the tibia, the weight is that of tlieleg, and the 
power the contraction of the moscles of the back of the 
thigh, which are attached to the leg near the falcmm. 

Joints. Bones which move npon one another possess 
joints or artieulatione, oooBtracted so as to give the re- 
qnisite amonnt of movement, witliont being liable to dis- 
placement. 

Joints may be conveniently divided into two classes, 
tlie imperfect and the perfect. 

Imperfect Joints. In these the bones are connected by 
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ligament or cartilage interposed between and firmly 
attached to them, only snch. movements being possible as 
the elasticity of the connecting substance will aQow. 

The bodies of the vertebras are connected with each 
other in this way ; the bones being joined by elastic 
fibro-cartilage, which allows a considerable amonnt of 
motion in the vertebral column. 

The attachment of the sacmm to the pelvic bones is 
another example of this kind of imperfect articulation. 

Ferfed Joints. In all perfect joints the articulating 
surface of each bone is covered by a smooth cartilage ; 
and between the two surfaces thus formed there is a 
closed sac closely conmected with the two cartilages. The 
sac is termed a synovial capstde, and secretes into its in- 
terior a viscid fluid called synovia, .which serves to 
lubricate the joint. The surfaces by which bones 
articulate to form joints have very different forms, and 
consequently the amount and kind of motion which 
can take place varies greatly. The articulating surfaces 
are kept in their places by ligaments, which are dif- 
ferently arranged in different joints. 

In some cases, as, for example, the knee-joint, plates 
of cartilage are interposed between the cartilaginous 
surfaces of the bones. 

Hkistrations of Perfect Joints, 1. The bones of the 
ca/rpiLs and tarsus (pp. 11, 13) have mostly flattish articu- 
lar surfaces, and being bound together by strong liga- 
ments, are only capable of a limited, gliding kind of 
motion npon one another. These are therefore among 
the least mobile of perfect joints. 

2. Singe Joints, in which the articular surface of one of 
the bones has more or less the form of a cylinder, and fits 
into a corresponding hollow in the surface of the other 
bone. The elbow is the best example. The lower end of 
the humerus has the form of an irregular cylinder, the 
axis of which is at right angles to that of the humerus it- 
self. This cylinder fits into a hollow formed by the ends of 
the radius and ulna. Movement can take place only in 
one plane, and the extent of the motion is limited bj 
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the oleera/tton process of the vina which forms the elbow,, 
and prevents .the arm. from being bent backwards. 
The anrfaoes are kept in contact by ligaments which 
siuTODnd the joint, but chiefly by those upon the sides. 
In this, aa in all perfect joints, there is a aynoTial 
capBole. The knee is another, though not so perfect aa 
example, of a hinge joint. 

3. When the artionlar Borface of one bone is a ball 
which fits into a concave socket in the other bone, the 
joint is termed a cup amd ball joint. The articnlation of 
the head of the femor with the acetab'ulwm of the pelvis, 
forms a joint of this character. In this case motion 
may take place in almost any direction, but is limited 
by the depth of the cnp, by the ligaments which 
Bnrroond the joint, and by the ligam^itum teres, which is 
a strong cord passing from a depression in the bottom 
of the cnp to a pit in the head of the femor. 

The articulation of the head of the kumeme with the 
gl&noid cavity of the ecapula is another snch joint ; but 
the cap being much shallower than that of the hip, the 
homerns is aJlowcd greater freedom of motion. 

4. The articulation of the first and second cervical 
vertebrse, allot and aieif, as they are termed, forms 




what is known aa a ptvot-jcdnt. The body of the <i^ 
is produced above into a peg or pivo^ called the 
odontoid proceea (fig. 75, d). The atlaebas no trae body. 
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orcenfntm.batism the form of an irregular ring (fig. 74). 
la its natural condition a strong ligament paseeB 
across this ring, and separates the apertnrs into two 
parts ; the hindmost is the neural arch, and the fore- 
most receives the odontoid process. Upon the apper 
face of the axis, on either aide of the odontoid process, 
a somewhat rotmded anrfoce articalates with a corres- 
ponding Borface upon the lower face of the atlas. B7 
this arrangement the atlas is enabled to tnm npon the 
pivot formed hj the odontoid process, hnt the extent of 
this lateral motion is limited by certain ligaments. 

Three ligaments are connected with the point of the 
odontoid process (fig. 76) ; two pass, one on each aide, 
(e), to the margin of 
the occipital ftfra/msn 
\ of the skoll and, on ao- 
\ connt of their prerenb- 
ing the sknll from tam- 
ing too far ronnd npon 
the axis, are termed 
lAoiSci ligaments; the 
third passes to the front 
mdrgin of the oedpitai 
foram-en (/). A hroad 
Ugameat (d) also con- 
nected with the front 
margin of the same 
at rf foramen passes over the 
1^ three ligaments jnat 
L^- 4. uunu.*^ mentioned and the 
I'&i^S! odontoid process, and 
"""""^^j^ is attached to the bodies 
*^ of some of the vertebm 

_ __ _,„._ which form the front 

^H^S^'ffJ^'""' wall of the upper part 

of the nenral canaL 
Different Movements of the liimbs. When a limb 
is bent upon itself it is said to bejlexed, and the mnscles 
by which it is performed are t«rmed/«EOM. The bend- 
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ing of the lower upon the upper arm, the bending of 
the leg npon the thigh, as in kneeling, and the closing 
of the fingers upon the palm of the hand, are instances 
oi flexion. The straightening out of a limb is termed its 
extension^ and the muscles by which this is accomplished 
are termed extensors. 

When a limb is drawn towards the middle line of the 
body it is said to be addueted; when it is moved away 
from the middle line it is said to be ahduded. A limb 
is rotated when it is turned upon its axis ; it is obvious 
that rotation cannot be complete, for in order to turn 
the limb quite round, pertain muscles, vessels, and nerves 
-would have to be torn away. The movement by which 
a limb is rotated so as to describe a cone around an 
imaginary axis^ as in swinging round the arm, is called 
drcumdMcUon. 

Many of the actions of the body are the result of the 
simultaneous contraction of many muscles. The act 
of standing upright, from the ease with which it is 
performed, might be considered a very simple matter, 
but such is not the case. The body has to be balanced 
apon the ankle joint, and in order to keep the tibia and 
fibula steady upon the ankle joint, the contraction of the 
muscles of the calf and &ont of the leg must be so nicely 
balanced that the leg may not be bent too much forward 
or backward. The knee-joint must likewise be kept 
steady by the muscles of the front and back of the 
thigh. The pelvis has to be maintained in a proper 
position upon the heads of the femurs by appropriate 
muscles. The spinal column is kept erect by the muscles 
along its back and front, and the head is prevented from 
falling forward or backwards by the balanced con- 
traction of muscles attached to it in front of and behind 
the spinal column. 

The Organ of Voice. 

The Struotuxe of the Larynx. The organ of voice 
is a peculiar motor apparatus, situated at the top of the 
trachea, and termed the larynx. 
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Above the nppermoBt ring of the trachea is a complete 
ring of cartilage which ia deeper behind Ifaan in front 
and called the cricoid cartilage (fig. 77). Above and 
partly outside the cricoid is the thyroid cartilage, which 
ie deeper than the cricoid, but open behind. When 
seen from above it has the form of the letter T (fig. 78) 
with the angle turned forward. The 
posterior edges of the thyroid are 
prodnced above and below into pro- 
ccBBes, or comua (fig. 77) ; the lower 
of these npon each side is attached 
by ligaments to the outer surfece of 
I the cricoid. The apper comna are 
connected with the hyoid bone. Two 
small somewhat pyramidal cartilages, 
the arytetwida (c), are movably 
attached to the upper and posterior 
part of the cricoid. PVom each aryte- 
noid a band of elastic tissue (fig. 78, 5) 
passes forward, and is attached 
to the inner and &ont part of the 
thyroid cartilf^ towards its lower 
margin; these two bands are called 
the vocal chords. 

Uuscles of ttie Larjroz. TJpoa 
each side, a triangular mascle, 
termed the crico-ihyroid (fig. 77, d), 
passes upwards and backwards from 
the outer and front part of the cricoid cartilage, to 
the lower part of the thyroid cartilage. The two 
arytenoid cartilages are connected by the posterior 
arytenoid muscle (fig. 78, d), which passes from one to 
the other. Three other mnaeles are also attached 
to each arytenoid cartilage, viz., the posterior crico- 
arytenoid mugde (c), which, passing from its back part, 
is attached to the hinder portion of the cricoid carti- 
Woj the tltyro-arytenoid muscle (a) extending from the 
faont of the arytenoid cartilage to the angle of the 
thyroid cartilage, and lying beside the vocal chord of 
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tiie side to which it belongs; xaS the lataral erieo. 
a'ryto7>in(!mi]scle(&), attached to the side of the u-jteooid 
cartilage, and paaamg ^ ,i . c 

downwardB and forwards, 
to the cricoid cartilage. 

The larynx ia Ened 
with mncons membrane, 
whioh extends over the 
parts just described so (. 
that the muscles and 
c&rtili^s cannot be seen 
Ti-ntil this membrane is 
dissected off. A little 
above the true voeai chords 
the mncooB membrane 

forms a fold upon each ___ __ ___ 

side, these are c^ed the J^^*^^ SS'u'fl.'iifhrS^M SSi* 
faUe voeai ohordt. Just "u,r^*'SSl^*j°'Su»id SSSuil^ 
below them, upon each ^[^u ^^S^^V J;,;i'irtJSSta?w'^ 
aide, there is a caritT, SLi_?„"S?"'„'™°^i'™)i,™°'*L * 
termed a ueutnete. ujum-Miipaim.t. 

Aotion of tlie Lairiix. The true vocal chords are 
tbt. important part of the apparatas, for it is their vibra- 
tion which prodnces the voice. When they ai-e tightly- 
stretched and near together, they vibrate more rapidly, 
and emit a hieh tone ; bat when they are less tense and 
-wider apart l^ir Tilwations are less rapid, and a rela- 
tivelj low tone is the result. 

The tightening and relaxing of the vocal chords is 
aocompliBhed by the mnBctes of the larynx. It will be 
seen by reference to figure 77 that when the cneo-iftyrotd 
mwclet (d) contract, the thyroid cartilage -will be drawn 
down towards the cricoid cartilage ; the cons eqnenae of 
this -will be that the distance between the arytenoid car- 
tilages and the ^nt of the thryoid cartilage will be in* 
creased, and tiie vocal chords will be stretched. At the 
same time they are still fnrther tightened by the contrac- 
tion of the pogtertor cneo-arytenrnd mnscles (fig. 78, o), 
which tend to draw the arytenoid cartilages backwards. 
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When the vocal chords are to be relaxed, the muscles 
jnst mentioned cease to contract, and the thyrchonryte- 
noids (a) come into play, drawing the thyroid cartilage up- 
wards and backwards ; the arytenoid cartilages are also 
to some extent drawn forwards by the lateral crieO'ary' 
tenoid muscles (6). The jposterior arytenoid muscle (^) 
brings together the arytenoid cartilages, and so causes 
the vocal chords to approach each other. The lateral 
crico-aryt&noid muscles (&) also tend to produce the same 
effect, by partly rotating the arytenoid cartilages. The 
posterior erico-arytenoid muscles (c) cause the arytenoid 
cartilages to rotate in an opposite direction^ and the 
vocal chords are by this means drawn apart. 

During ordinary breathing the vocal chords are widely 
separated. 

The Voice. If the air be driven out of the Inngs by an 
act of expiration, when the chords are ill a state of tension, 
they vibrate and produce sotmd. This sound is called 
the voice. 

The different musical sounds produced m singing 
depend upon the varying degree of tension of the vocal 
chords. The eompasa of the voice depends upon the 
extent to which the variations can take place. A 
practised singet can at will give the requisite tension 
for ihe production of any particular note. 

The quality of a voice depends upon the straatare 
cf the larynx. In women and children the larynx is 
smaller and the vocal chords shorter titan in men; 
oonsequently their voices have a higher pitch. The 
kmger the chords and the lai^er the larynx, the deeper 
the voice. 

Speech. Voice may exist without speedii, as in noany 
animals. Speech is uie voice modified by the throat, 
tongue, and lips. In whispering the sounds aare pro- 
duced by the vibration of the lips. 
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Practical Section. 

Mnsoolar Ctontraotility. The oontraotility of mnsole when 
etimnlated by the motor nerves with whioh it is supplied, may be 
conveniently studied in the frog. Take a frog which has just been 
killed by deoapitation, and destroy the spinal cord by passing a wire 
down the neural canal, so as to prevent reflex actions. Lay the frog 
with its belly downwards upon a board, and with a scalpel make an 
incision in the skin along the back of the thigh. By carefully 
pulling the muscles apart a nerve will be seen which supplies the 
large masde of the leg. If this nerve be galvanized, the mnscle 
attached to the heel will contract, and extend the foot. It is 
better, however* to separate the mnsde with nerve attached from 
the surrounding parts, b^ing careful not to pinch or otherwise 
injure the nerve. Tie one end of the muscle to a support, and to 
the other end attach a weight just sufficient to keep the muscle 
straight. If now the nerve be galvanized^ the musde will contract 
ftnd draw up the weight. . This contraction takes place whenever 
the galvanic current is completed or interrupted, but does not 
continue while the current is uninterrupted* 

For the microscopic examination of contracting muscular 
fibres, see page 168. For amoeboid and ciliary movements, see 
pages 63 and 169. 

Joints. The various joints mentioned in the previous part of 
this chapter may be examined in the rabbit. In the first place the 
muscles or sinews which obscure any joint should be cleared 
away, and the movements of which it is capable observed. Then 
the ligaments may be Dut through, so as to separate the bones and 
ftllow the articulating surfaces to be examined. 

The Iiarynz. Having removed the tongue, with the trachea 
attached to it, from the head of a rabbit (p. 85), the glottis and 
Tocsl chords may be first examined. It w^ be found convenient 
to cut off the greater part of the trachea and by means of pins to 
fix upon a board the parts about to be examined. The loose 
tissues should then be dissected off the exterior, so as to show the 
cricoid and thyroid cartilages, and the crico-thyroid muscles. 
To expose the muscles which lie in the interior, one side of the 
cricoid and thyroid cartilages must be cut away and the mucous 
membriine lining the interior dissected off. 
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CHAPTER XIV. 

PRACTICAL HISTOLOGY. 

Deflnitioiiy etc. Histology is that branch of anatomy 
which treats of the minute structure of the tissues of the 
body. It has been found necessary in previous chapters 
to speak somewhat in detail of certain tissues of the body; 
but little has been said concerning their microscopic 
structure ; with this the student should now make him- 
self famiHar.* 

Cells. At a very early stage of devdopment, all the 
tissues of the body are composed of small rounded par- 
ticles of a proteinaceous substance called protoplasm. 
The exterior of these particles, or ceUa as they are 
termed, is very often more dense than the interior, and 
forms a kind of membranous sac around the more 
fluid portion. Within each cell is a small particle, 
or nucleus^ which differs somewhat from the rest of the 
cell substance. Smaller particles still are occasionally 
to be seen within the nuclei ; these are termed muieoli. 
As life advances the cellular structure of many tissues 
is lost or obscured, but in others it is retained through- 
out life. 

Epithelium. This is perhaps the simplest form of 
tissue in the adult body. It is composed of a number 
of nucleated cells, the deeper layers of which are con- 
stantly growing, while those upon the surface are as 
constantly being cast off or worn away. 

Epithelium is found covering the walls of the aliment- 
ary canal and cavities of the body, and also the free sur- 
faces of the organs of the body. It exists in several 
different forms. 

1. Squamous Epithelium, In this kind of epithelium 
the cells become flattened so as to form scales as they 
approach the free surface. 

* See Appendix, page 174. 
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"Fm. 79. 8qn«ino«ii, epithollam from tbe 



The mTiooTis membrane of tlie month is an example, 
and its cells may be easily 
examined. With an ivory 
paper-knife scrape the back 
of the tongne or the inside 
of the lips ; place the snb- 
stance thus obtained npon a 
glass slip; cover it with a 
thin cover-glass (Appendix 

p. 174), and if necessary add 

a drop of water. Examine »oath(magniflirii76di:«iieu^^ (Emuer.) 

it with the microscope, and the irregularly formed 
epithelial cells will be easily seen. Allow a small * 
drop of magenta staining fluid (p. 175) to run under the 
cover-glass, and in a short time the nuclei of the cells 
will become stained. 

2. Oylindrical or Gohminar Epithelium. In the epithe- 
lium of some parts of the body, 
the surface cells are elongated 
and arranged side by side, as 
in fig. 80. An example of this 
kind may be found in the villi 
of the intestine. Open the small 
intestine of a rabbit, just killed, 
and with fine scissors snip off 
some of the villi and place 
them with a drop of salt solution (p. 176) upon 
a glass slip ; cover with thin glass and examine with 
the microscope ; add magenta stain, and re-examine. 

3. OiUated Epithelium, In the trachea and some 
other parts, the free surfaces of the epithelial cells are 
provided with minute hair-like processes which, during 
life, are constantly vibrating. An example of ciliary 
motion may be readily obtained. Open the mouth of a 
frog,^ and with the point of a knife scrape the roof so 
as to obtain a minute portion of the mucous membrane. 
Place this in salt solution, upon a slip of glass, cover, 
and examine it with the microscope. The cilia move 
very rapidly when quite fresh, and are therefore not easily 




Fio. 80 Critudrlciil epithelium 
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TbB XpidfiTmia, Tlie epideroiis is oontpoBed of o 
preciaelj similar to thoae of sqa»- 
mons' epitheliom, biiti the oater — 
layers become maoh more lutmy, f 
and lose all tracea of naglei. * 
The atrnctnre o£ the epidermis 
has abeady beea ooii»i4si^ 
(p. 92). 

Haih. The nails are reaUy 
modificadonB of epidennis. UodfiF 
them the dermii is raised up into 
nomeroiu parallel ndgeS) whioh 
are extremely Taeonlaj. Upoa 
these the epidermio oeUs are ooa- 
stantly growing, and as they we 
poshed oatwsrds by the sew osUa 
formed \xAow, become &.ttetied 
and firmly agglutinated. At the 
back (or root) of the nail the akm. 
forma a fold, and within this 
&esh epidenuic cells are constantly 
being added to the base of tbe 
nail, so that it ia always being 
pushed forward, at the same time 
that it is increased jn thickness 
by the addition of cells from 
below. 

Hear. Hairs, like nails, are 
epidermic stmoiareB. The root 
of each hair is sunk in a deep 
depression of the integnment, 
called a hair sac (fig. 82). At 
the bott<Hn of the aac the dermia . ^ , ^ 

ia raised into a minute papilla, y -,1-;;;;^; ;;!';-:(;. -'-Th'd 
from the surface of whioh epi- jiu" Mi™n p-ii.uij ui» 
dermic oelb are developed. Theee *^ ''^'' "'"S^u'^'uf'i 
coaleace and become horny ; and Jj^^ 't3'u.7^StiU 
being thrast upwards by tbe niuIJT" "" ' ' "" 
now cells developed below, form the ilui/t of 
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bair wliioli appears above the Bnrface of ' 
After, a certain time a new hair Bac is fori) 
kind of bnd, from the side of the old one, ori 
it appears a new papilla, npon which a ' 
grows. The old papiUa aiid sao ceaae groi 
eventually die away. 

The BbaA of a hair of the head consist 
portions: a central pilh or meduUarii matt^ 
of elongated cells, termed tile cortical snbt 
82, b ); and the tntticle (c), which conaisCs of 
overlapping, homj scales. 

Into each hair sao, the dnota of two teba 
usually open (t) ; theee glands secrete an oi 
To see the hairs in their sacs with tl 
glands, ohtain a small portion of skin &oni 
sheep's head, ant the hair off and pat the f 
of wine. When safficiently hard, embed J i 
upon a slice of tnrnip, and with a razor en 
Place them in diluted acedo acid for a fev 
examine with the microscope- 
Cartilage. Cartilage is a firm, elai 
white sabstanoe formed of cells, but diff' ' 

a idt siderablf : 

' " '" ~" ' already o i 




- i: lie close 

' — -..---— — _^ Iromea'' 

^^j^BJii n m omu™; ■*°'i«*iiiJ>ii.: which 
elastioi 
depends. The growth of cartiUge taJ 
plication of its cells. The cells becoi 
sabeequently separate into two parts 
size, and intercellular substance • 
them. Cartilage contains no vessels 
Cartilage is yaj easily prepared f 
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the nuoroMxipe, as it is siifficieiitlj' tongh in its natural 
condition to bo readily cut with a nsor. Thin alioeB 
should be prepared from that apon the end of the 
f emnr, from one of the costal cartila^B, and from the epi- 
glottis; examine with the microaoope and compare them. 

ConneotiTe Tiaroo. This ia more widely diatribnted 
than any other tisane of the body. It isvesta all the 
organs, and penetratea between the parts of which they 
are composed. It is the chief constitnent of Umdont, Uga- 
menlf, the tderotie, etc. It has a whitish appearance, and 
conaistB of wavy £bree which ntay by proper means be 
split up into extremely fine filaments or fibrills. Take 
a very small portion from one of the tendons of the foot 
of a rabbit or any small animal re- 
cently dead ; place it npon a glass 
slip with a i&op of salt aolntiaii; 
tear it to pieces with needles, cover 
it with thin glass, and examine with 
the microscope. The fine wavy 
filaments will easily be distinguished. 
Allow a drop of dilute acetic aoid to 
mn nnder the cover glass ; the 
filaments will- swell and becrane 
tranaparent. Occasionally fine fibres 
of elastic tisane may be seen which 
are not afiected by the acid, and 
also nuclei which belong to small 
elongated oella called eomieetiva tisstte ', 
eoTptuda. ""' 

Adipose Tissue. This name ie given to those por- 
taona of connective tisane in which oollections of fatUelU 
KTO found. The falKjells havn a most distinct cell wall, 
and are filled with an oily or fatty finid. They are 
generally well snrroTinded by blood capillaries. 

JBlastiO Tissue. Fibres of elastic tissue are very fre- 
qnentlyfonnd mixed with thoae of connective tisane, from 
which they differ in not swelling in acetic acid, and in 
having a tendency to cnrl up when broken across. 

Take a very small portion of the ligantentum nucha of 
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an ox (this is the name given to tlie jn 
Stance £oaad at the bade of the neck w 




of the vertebne), tease it ont wit' 
of glass, in salt solaldon; cover 
add dilute acetic acid, and coin|is 
produced npon conneotire iiaane. 
Bone. If one of the long be 
be out longitndin^lj, it will be 
soft and spongj {tsantdlaiei), ■ 




and compact, and has a r 
freeb state contains the ms 
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(OBta of a baeU of a/nimal ■maiter, in yihidii pkotphixte and 
eorfronafe of lime are deposited, and it is these earthy 
matters whicli gire to it its peculiar hardnesB. Take 
the femur of a rabbit, and with a fine saw ont it across. 
From one of the out surfaces saw off as thin a slice as 
possible ; mb both sides of this with the finger or a piece 
of corknponaflattenedpieceof pamice stone,nntiIit is 
considerably reduced in thickness, keeping it constantly 
wet with water. Then mb it in the same way upon a 
hone until anfficiently transparent for examination with 
the microscope. Wash it well with a camel's hair 
brash ; pat it on a glass slip with a drop of water, and 
cover it with thin glass. In snch a 
section it will be seen that ^e bone 
is dotted with unsll spots or holes. j^O^^^^^ 
These are the bloodvessels which ^-^ 
snpply tiia bone with nntriment, ^ 
and are called Savereia/n eanalt 
(fig. 87, a). Boand these the bony ' 
m^ter will be seen to be arranged 
more or lees distinctly in layers, 
or lamellra. Each Haversian canid, 
with the bony lamelln sairoimd- 
ing it, is termed a Ha/aernan 

It will bo farther seen Uiat thera 3ESSij'°3«uurr^" ** 
are numbers of very small, daric, 
irregnlarly shaped dots, arranged ia circles aronnd 
the Haversian canals. These are known as Iocuwe; 
and the extremely minate lines which pass off from 
Hie laconte are termed eanalieuU ; they are leally fine 
tabes connecting the lacnnte with each other. 

In dried bones, the lacnn» are minute cavities which 
being filled with air, so reflect the light as to make 
them appear black when examined with the microscope. 

A. section should now be made of the same bone, in a 
longitndinal direction. The Havsrsian canals wiU bo 
seen running more or less in tdie direction of the length 
of the bone, and giving off branches which commami^'*> 
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with neighbouring canals. The lacatue and canaUcnli 
will be seen scattered throngb the substance of tbe boos 
between the Haversian canals (fig. 88). 

All bones are ensheathed ia a tough layer of con- 
nectiTe tisane, termed the penoi t#ut». 

There is a time in tbelifeof an animal when the bodf is 
withont bone, tbe poaitians and forma of the fotnra boaes 
being indicated either by eoriiiaje or eonnedivetisme; ancl 
it is by the deposition of calcareous salte within tiieee 
tissues that tbe bone is formed. This otsifieaiion does 
not take place thronghoat the tisane at the same time, 
es at one or more points, from whibh it ex- 
tends to the rest of the tisane. For 
example, the femnr, and ths hnioems 
have each three chief points, one for the 
shaft and one for each end, and these 
do not unite' nntil the animal is approach- 
ing maturity. 

Teeth The teeth, like the bones, con- 

, sist of animal matters impr^nated with 
J phoaphaie and carbonate of Urns (p. 38). 
They are composed of fliree difleront 
snbstances, viz. : — 

1. Snamel, which covers the crown of 
the tooth (figs. 90, 92), and is the hardest 
substance found in the body. It does 
not contain more than two per cent, of 
animal matter. 

2. Denime, which forms the chief part 
of the tooth. 

3. Cement, which is a deposit of tme 
bony matter around tbe fangs. 

To see the arrangement of these sab- 
iBdn stances and their microscopic characters, 
»i?^ a section of a tooth should be made. 
"Ttaiuo. One of the incisors of a sheep will au- 
i-./.T^i swer very well, and sections may be 
_ prepared in the same way as those of 
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what difScnlt to cat with a saw, bat it can be redaced 
in thickness by means of a grindstone, op by nibbing 
npon a flat stone wiUi emery powder. 

When a longitudinal section of a tooth is examined 
with the microacope, the greater part of it is seen to 
be composed of a material in which a great nnmber of 
very fine wavy lines may be traced, running from the 
cavity existing in the middle of the tooth, towards the 
exterior. This material is the dentine, tuid the fine lines 
are termed detUinai tubulet. 

The enamel forma a layer over the upper part of the 
tooth, and gradnally thins away as it approaches the 
neck. It consiBte of , 
a great nomber of I 
fine six-sided fibres \ 
of extremely hard 
substance, set side 
by Bide perpendicn- 
larly to the sorface a dmtiiii ud m 
of the dentine. •mmmt. itunriiif "o 

The cement, which ""^■' 
serves to keep the tooth firm in its socket, may be 
seen as a thin layer of bone apon the fang, and in it 
tme lacunra with their canahcali are visible 

The cavity of the tooth is m the 
fresh condition occnpied by a tissue 
richly enpplied with bloodveasela 
and nerves, which is termed the 
dental pulp. The vessels and nerves 
enter tneyu^ ecmty by an aperiiure 
at the end of the £ang. 

Striped MuBCla. Stnpedmns 
oular fibres are so called on account 
of the peculiar transverse stnations 
which they exhibit when viewed 
with the microscope. i^TS,,, 

In addition to the sheath of J^J; 
connective tisane by which the "^ * 
fibres of a muscle are all boand togetht 
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has a special ebeath of stmctnreless membrane. 
$arcoWn,ma (fig. 94). The mnscnlar fibree c 
are o( the striated kind, but have bo earcole 
Besides the transverae markings, tiie fib 
seen with the microscope to have a more i 
tinct lon^tudinal striation, and bj careful i 
some of the fibrea may be made to split 
mnch finer filaments, or fihriUa (fig. 93). 

Mnscnlar fibres, when treatedwith dilnt ; 
acid, have a tenden<^ to break across ir 

of the transTerse ms j 
this way to form disc 
The mnscnlair fiF 
^ transverse striatian 
1. Take a ver 
of mnscle which hi 
piece of beef or n 
ont with needles i 
upon a elasB slip 
glass, and ezamin i 

w. Carefol ' 
ir irlaes will e i 

*^'S!?', "^1". ?"; fibres to break m 
S^S{°iJfSS.''l,'^ri S seethe sar 

jtojtnrtioi'iiii tatoli. fresh frog's mnsi 
" in salt solntion 

maj be palled apart with forceps 
fibres across ; examine as before, 
colemma may be seen in some cas' i 

brane projecting beyond the fibre. 

The coatractioQB of mnscnlar { 
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TTbrtriped MniolM. Unttriped or tmoolh miMoles 
ftre oantpoBed of elongated, mora or leas eprndle- shaped, 
oells or fibree {Bg. 96) ; eacli cell liavisg an elongated 
rod>like nmeleut (a). The fibres toe bound togetlier into 
bnndlee bj oonnectire tisBOe, bnt have no garcolenuna. 

Tbe smooth mnflcnlar fibres an somewlutt mora 
bvublesome to demonstrate ttum the striated. Tbe 
«asiest process is perhaps to take a portion of tb« 
bladder of a frog, la; it in a solntion ' (one or two 
per cent.) of acetic acid for a fev minntes; wash the 
■orfaoes oarefollj with a camel's hair bmsh, place in 
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water, and examine with microscope. The mnscles will 
be seen forming a kind of network, and the fibres or 
cells will also be distingaishable. 

Olands. The Liver. Tbe stmctare of this gland has 
already been described (p. 46). Tbe distribntion of 
the capillaries can onlj be seen in sections of specimens 
which haye been carefnl]; injected with some coloured 
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finid. The cells of the lo1>iiles may be seen bj making 
thin sections of a rabbit's liver. Small pieces are placed 
for a few da,ya (about four) in a soliitioii of bichromate 
of potash (bichromate of potash,! part; irater, 100 parts), 
then in spirits of wine for two days. Embed in wax, and 
cat sections (p. 176); stain with carmine aolntion (No. 2, 
p. 175), and examine ia g'lycerin. 

The Kidney. In order to see ihe Malpighian. tnfts 
and other bloodrfssels, the kidney mnst be injected -, 
much, however, of the stractare of this organ may be 
made out by other means. Take a &esh kidney, and 
cnt some transverse slices as thia as possible with a 
razor ; lay them in a solution of bichromate of potash 
(see above) for a week ; then tease ont a portion with 
needles ; wash in water ; staia with carmine (21 honrB), 
and examine in glycerin. 

Gastric Qlandg. See pages 42 and 160. 

Meibomian Qlande, These may be observed by making 
transverse sections of the eyelid of a sheep. Prepare in 
the same manner as sections of skin (page 162). 

TS^Tvaua Tissue. There are, as we have already 
I (p 98), two kinds of nervous tissue, tli« nerce* 
n and the ganglionic corpuscles. 

s, wben e 




a perfectly 
fresh condition appear 
as transparent,- sub- 
cylindrical, oily-iookiug 
filaments. Very soon 
after death, ordinary 
nerves undergo a peou* 
liar change, which 
enables ns to see that 
each nerve-fibre con- 
sists of a central por- 
tion, termed the axis- 
cylinder (fig. 97, a), con- 
tained in a delicate 
membranooB aheatli. A 
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space, however, exists between tlie sheath and axis, 
filled with an oily fluid, known as the medMUa, Shortly 
after death, solid matter is deposited from this flnid npon 
the sides of the tube, and it is this change which en- 
ables ns to distinguish the different parts of the fibre. 

The aa6i»-(yyUn£BT is, at least in some instances, com- 
posed of extremely delicate filaments, whioh have been 
called primitive fibrils. 

Most of the nerye^fibres of the sympathetic system, 
the olfactory nerves, and the finer terminal portions of 
many cerebro-spinal nerves appear to have no medulla ; 
such nerve-fibres are therefore known as non-medAJiMated 
nerve-fihresy while those having the structure described 
above are termed meduUated nervB'fihres. 

In the larger nerves the fibres are bound together and 
surrounded by a sheath of connective tissue, called the 
neurilemma. 

The m£dulla and cwsis eylmder may be seen by teasing 
out with needles a portion of a large nerve of a frog, 
in salt solution, and examining with the microscope. 

Gangliomo Gorpusolesk These are more or less 
spheroidal or stellate bocUes, composed af translucent 
finely granular matter (fig. 98). 
Within this substance is a clear 
round space, the vmcleusy which 
contains a much smaller spot, 
the nuchohis. One or more 
processes are given off from 
each corpuscle, which, in some 
instances, are connected with 
nerve-fibres, and in others join 
similar processes from other 
ganglia. Cbnglionic corpuscles 
are found in the brain, the spinal 
cord, the ganglia of the posterior 
roots of the spinal nerves, the vm. m. a gu«iioni« Mtpudt 

,1 J. ^ I* J 1 • (magnified 176 diAineten) from ih« 

SympatnetlC ganglia, ana also in grey matter of the splitftl oonl. ahow- 

t-t vug at a> the niwlew and nuaLaolni. 

some of tiie sensory organs. Wmofm'.) 

Preparations of them may be made by tiding one 

M 
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of the ganglia from the posterior root of a spinal 
nerve of a recently killed frog, and teasing it oat 
carefollj with needles in salt solution. Examine with 
microscope, and afterwards add magenta or carmine 
Bolntion, and examine again. A portion of the grey 
matter of the spinal cord of an ox or calf which has 
been hardened in bichromate of potash may be treated 
in the same way. 

Preparation of Sections of the Spinal Cord. Eor 
this purpose the tissue must be perfectly fresh. EJAving 
careMly removed a portion of tike spinal cord (say &om 
the cervical region of a cat just killed), cut it in pieces 
about half-an-inch long and place them in spirits of 
wine for twenty-four hours, and then in the solution for 
hardening nerve tissue (p. 175. No. 4), dilated with an 
equal quantity of water. After a week or ten days, 
place them in some fresh solution of full strength, and 
allow them to remain about six weeks. Try if suffici- 
ently hardened, by cutting a piece across with a razor, 
(it should have the consistency of a piece of cheese 
quite to its centre). If this is the case, embed the piece 
in wax, and cut very thin transverse sections, keeping 
the razor wet with spirit. 

The sections may be floated off the razor into a glass 
of water, and then with a camel's-hair brush be removed 
to a watchglass full of water. Pour off the water, and 
add strong carmine solution (No. 3) ; cover with a 
wineglass and allow it to stand for twelve to twenty- 
four hours. Better results are sometimes obtained by 
using the carmine solution (No. 2), and allowing the sec- 
tions to lie in it for a longer time. Pour away the carmine, 
wash quickly with water ; or^ if this is found to remove too 
much colour, with spirit and water. Cover the sections 
with spirits of wine, and leave them for a few hours. 
The thinner the sections, the less time will it be 
necessary for them to remain in the spirit. One of the 
sections should now be placed upon a glass slip, the 
spirit drained away, and a drop or two of dbsohite 
alcohol put upon it. After two or three minutes drain 
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away the alcohol, watch until the spirit has evaporated 
and the section is nearly dry (it must not be quite dry, 
but sodden); then place a drop of turpentine by the 
side of the section and allow it to run underneath it. 
This drives off the remainder of the alcohol, and makes 
the section transparent. A drop of Cwnada halscum 
(p. 176) should now be allowed to &M upon the object, 
and a ihin cover glass, well cleaned, placed over and 
gently pressed down, the excess of balsam being 
squeezed out at the edges. Use as little balsam as 
possible, and be careful to exclude air bubbles. 

In such a section it is possible to see the distinction 
between the white and the grey portions (p. 99), the 
central canal, the anterior and posterior fissures, the 
anterior and posterior comua of the grey matter, the 
exit of the spinal nerve fibres, the ganglionic corpuscles 
of the grey matter with their nuclei ; and the longitudi- 
nal fibres, which, having been cut across, appear as small 
red dots surrounded by a clear space. Figure 47 was 
drawn from a section prepared as here directed. 

Preparation of Seotions of the Betina. The eye 
of a pig, sheep, or frog will answer for this purpose. 
The rods cmd cones being much larger in the frog are 
more easily made out. The eye, wluch must be taken 
from the animal directly it is killed, should have the 
sclerotic pierced with holes (p, 14(3) and be placed in 
Miiller's fluid (No. 5, p. 176) tor three weeks. Gut the 
eye in half transversely, and with care remove the 
retina. If the choroid adheres, do not attempt to sepa- 
rate it from the retina. Place in dilute spirit for three 
or four days. Embed in wax (p. 176) so as to cut sec- 
tions perpendicular to the surface (p. 131). The razor 
must be kept well wetted with spirit or water, and 
great care will be necessary in removing the section 
from the razor to a glass slip. The sections should be 
floated off the razor. It is sometimes possible when small 
portions adhere to the wax, to lift them both together on 
to the glass slip. 

When the section, which should be extremely thin, 
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has been placed upon the glass, pat a drop of oarmine 
fluid (No. 2, p. 175) apon it, and cover with a watch* 
glass for from fifteen to thirty minntes ; then add water, 
and allow the water to run off. Bepeat this until the 
carmine is cleared away, taking care that the section 
itself does not float off. Add a few drops of sprits of 
wine for five or ten minutes ; then treat with absolute 
alcohol, and proceed as directed for spinal cord sections 
(p. 172). 
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Instruments teqttired for Dissections. A knife, scissors, 
foroepe, and catting n^ers will be reqnired to perform the dis- 
sections which have been proposed. The knife shonld be one 
of those usually made for this purpose, and of a medium size ; 
the form is not of much consequence so long as it outs well. 
The teittort should have both blades pointed. The foreept 
Should be of steel, and have the points roughened so as to hold 
firmly. The cutting nippers should be painted, and haye the jaws 
set obliquely, i^ they are more eonyenient to use, ALL these 
instruments are to be obtained at any surgical instrument makers, 
and at most good tool shops. 

Instruments, etc., required for Histological Work. 1. Micro- 
eeope. A miorosoope is the most important instroment required 
for histologieal Fork, but it is at the same time the most expen- 
siye. £yen a brief description of a microscope, and the method 
of using it, would require more space than the limits of this 
work wUl allow ; but it may be well just to say that in order to be 
seryioeable, the instrument should haye a good firm tttmd ; the 
motions lor foeussing should be emooik and eteady ; and aboye ail 
the lentes ehould be good. For our present purpose, it should 
have at leaat two good object glasses, one magn%ing about 60 
diameters, and another giying an enlargement of from 250 to ^ 
diameters. 

2. Olast sUpSfCovef-glaues, €md vaUh-glasees, All thesemay be 
obtained at any of the microscope manufacturers. The glass 
slips are usually made three inches long and an inch wide, and it 
is found convenient to use this one size. The thin glass used for 
covering objects is commonly about j^^ of an inch thick, and 
may be obtained cut in squares ov eirofes of yarious sizes* A few 
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wateh-glaifleB wSU be found Tery eonTeiiient for plMing wpedmsom 
in while stftining, and for many other pnrpoBes. 

8. Bazor. For entting sections of tissoes, a razor is admirably 
adapted. Those sold as the shiUing armif ragar, answer the pur- 
pose well. It most be remembered that in order to cnt thin 
sections, the razor most be extremely sharp, and ahonld thoretore 
be carnally nsed, and occasionally snarpened on a »trop» 

4. Needles, These may be purchased mounted in handles, but 
ordinary sewing needles stuck in strips of firewood abont the 
thickness of penholders, answer the purpose quite as well. To 
flz the needle in the wood, hold the needle with plyers, and foree the 
point into the end of the strip of wood; withdraw the point, and 
rerersing the needle, push the opposite end into the hole which 
has been made. Needles mounted in this way are required for 
pulling to pieces (teasing out) yarious tissues. 

Staining Solutions. Some parts of tissues, such as nuclei, 
etc. , are much more deeply stained by these flidds than others, 
and are thus rendered more dietinet. 

1. Magenta Solution, One grain of erystallized magenta dis- 
flolred in 60 grains of absolute alcohol, add about an ounce of 
distilled water. This is a powerful stain, and tints some tissues 
tepidly. 

2. Cafmine SohUian (Beale's). BissoWe flye grains of canmne 
in fifteen grains of strong ammonia, add one ounce of distilled 
water, filter through blotting paper, and add one ounce of gly- 
eerin and a quarter ounce of spirits of wine. Allow this to stand 
nncoyered until the smell of ammonia has almost disappeared. 

This solution is much used for staining tissues. 

8. Carmine Solution for nerve tistuet, Dissolye fiye grains of 
earmine in 250 grains of strongest ammonia, add 60 grains 
of glycerin. 

This solution is used for staining sections of spinal cord or 
brain. 

FlnidB for Hardening Tissues. 1. Sfirits of Wine, For all 
. ordinary purposes the methylated spirit is used, it being yery 
much cheaper than pure spirits of wine, and serving just as well 
to harden tissues. 

2. Absolute Alcohol, This is rarely used for hardening tissues, 
but is of great service in freeing sections of tissues from water 
when they are to be mounted in Canada balsam (p. 172). 

8. Chromic Acid Solution. Ohromio acid solution is now fre- 
quently used in preference to spirits of wine for hardening some 
tissues. One psSrt by weight of crystals of chromic acid dissolved 
in 400 parts of water is strong enough for aU ordinary purposes. 
This solution does not penetrate so quickly as spirit. A large 
quantity of the fluid shoidd be used. 

4. Solution for hardening nerve tissues. Chromic acid, one 
part ; bichromate of potash, two parts ; water, 600 parts. This 
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is lued for brain and spinal cord; it should be first used diluted 
with an equal quantity of water (p. 172). 

5. MilUer^s Fluid. 2^ parts of bichromate of potash, and one 
part of sulphate of soda,* dissolved in 100 parts of water. This is 
used for hardening the parts of the eye (pp. 148 and 173). 

Salt Solution. When it is desired to examine certain tissues 
in their fresh condition it is necessary to do so in some fluid 
which does not alter them. The most convenient fluid for this 
purpose is made by dissolving one part by weight of common 
table. salt in 180 parts of distilled water. 

Method of Embedding Tissue in Wax. When it is required 
to cut sections of any tissue which cannot be held conveniently in 
the hand, it is often advantageous to embed them in wax. Five 
parts of paraffifi wax mixed with about one to two parts of lard, 
or white bees-wax and olive oil, mixed in equal quantities, are 
used for this purpos& 

To embed tide tissue : make a mould by bending up a piece of 
stiff paper ; a pill box will answer the purpose. Dry the tissue by 
placing it in spirit for a short time, and allow it to stand until the 
spirit has evaporated from the sur&tce. Place it in the mould and 
pour round it the wax (which should not be hotter than is neces- 
sary just to make it fluid). When the wax is cold it may be taken 
out of the mould and the sections cut (pp. 160, 172, etc.). 

Oanada Balsam for nlounting Seotions> eto. Canada balsam 
as purchased at the chemist's does not do well for mounting his- 
tological preparations. It should flrst be allowed to stand in a 
warm place until quite hard and brittle, and then be redissolved 
with benzole. It should be made sufficiently fluid to drop readily 
from a glass rod. 

Fluid balsam similar to this, or dammar fluid, which is used 
for the same purpose, may be obtained from the microscope 
makers^ 
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Abdomen, 9. 

▲bBorption, 62. 

▲oetabnlmn, 7, 11. 

Aoini, 47. 

Acromion prooesB, 8. 

Adipoao tiwae, IdS. 

Air, 83. 

Albumen, 29, S^ 5& 

Alveoli, 88. 

AmoBboid moyements, liL 

Ampulla, 123. 

Amyloids, 81. 

Anal aperture, 46. 

Anatomy, 1. 

AnteriorpyramidB, 100. 

Anvil, 182. 

Aorta, 16. 

Aqueous humoar, 129. 

Arachnoid, 20. 

Arbor vitsB, 106. 

Arteries, coronary, 66 ; oarobd, 16 ; 
hepatic, 47; pulmonary, 16} 
splenic, 91 ; iliac, 18 { subclavian, 
16 ; systemic, 64. 

Arytenoids, 164. 

Arterial blood, 47. 

Asphyxia, 84. 

AstraJBralus, 12. 

Auricles, 16, 66. 

Bicuspids, 88. 

Bile, 18, 49. 

Biliary duct, 18. 

Biology, 1. 

Bladder, 18, 97. 

Blindness, 186, 

BUnd spot, 131, 135. 

Blood, 66 1 arterial, 66 ; corpuscles, 

66 ; crystals, 60; gases, 60; 

venous, 47. 
Bloodvessels, 18b 
Blushing, 71* 
Bone, 164. 
Brain, 19, 106. 
Bronchi, 16, 77» 
Bronchial tubes, 78. 
Brnnner's glands, 46. 
Buffy coat. The, 67. 

OsBCum, 18. 

Oalcaneum, 12. 

Calyces of kidney, 94 

Canaliculiof bone, 196. 

Capillaries, pulmonary, 65 1 (Sys- 
temic, 64; lymphatic, 74. 

Carpus, 11. 

Cardiac end of stonuufli, 16, 41 1 
orifice, 42. 

Cartilage, 162 ; costal, 6 ; cricoid, 
164; thyroid, 164. 



Ganmole, 140li 

Casein, 80. 

Cavity of the skull, 19. 

Cells, nucleated, 47 ; hepatic, 47, 48. 

Centrum, 6. 

Cerebellum, 20, 106. 

Cerebral hemispheres, 19, 106. 

Cervical vertebrsB, 6. 

Chiasma of optic nerves, 106. 

Cholesterin, 31. 

Chord» tendinesB, 67. 

Chords, vocal, 164 ; false vocal, 165 j 

true vocal, 166. 
Choroid, 128. 129. 
Chyle, 51, 62, 63, 76, 
Chyme, 44. 
Cilia, 146. 
Ciliary processes, 129 ; movements, 

146 ; muscles, 130. 
Circulation, 26, 64; pulmonary, 66; 

systemic, 64. 
Ciiicumduction, 168. 
Clavicle, 8. 
Clot, 66. 

Coagulation. 66. 
Coccyx, 6. 
Cochlea, 124. 
Collar bone, 8. 
Colon, 18, 46. 
Columnar camea, 67. 
Columnar epithelium, 42. 
Columns of spinal cord, 100. 
Commissures, 108. 
Condyles, 12. 
Cones, 131, 136. 
Connective tissue, 168. 
Cornea, 129. 

Comua of spinal cord, 100. 
Corpora albicantia, 106; striata, 

107 ; quadrigemina, 107. 
Corpus callosum, 108. 
Cortiole substance of hair. 162. 
Corpuscles, 67; red blood, 68 ( 

splenic, 91 ; tactile, 94, 114; white 

blood, 69. 
Costal cartilages, 6w 
Coughing, 82. 
Cranium, 3, 8. 
Crassamentum, 56. 
Crico-thyroid muscle, 164. 
Cribriform plate, 118. 
Crista spiralis, 126. 
Cruor, 20, 69. 
Cruorin, 69. 
Crura cerebri, 106. 
Crystalline lens, 129, 180, 183. 
Curvatures of stomsich, 41. 
Cuticle of hair, 162. 
Cystic duct, 48. 
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Death, S7. 

Decompositioii, 8L 

DeglntUion, 40. 

Dentinal tabulee, 167* 

Dentine, 107. 

DenniB, 02. 

Diaetole, 68. 

Diaphragm, 16, 81. 

Digestion, 26, 87. 

Digits, 11. 

Duct, 01; cystic, 48; hepatic, 46; 

lachrymal, 140 ; thoraoio, 74; 

pancreatic, 61. 
Doodenmn, 17, 44. 

Bar, The, 120. 

Bmnlsion, 60. 

Bnamel, 88, 167. 

Endocardium, 66. 

Endolymph, 123, 127. 

BndoemoBis, 63. 

Epidermis, 2, 02, 161. 

Epiglottis, 41. 

Epithelium, 168 ; dilated, 160 ; 

cylindrical, 160; globular, 100 ; 

squamous, 168. 
Ethmoid bone, 8. 
Eustachian tube, 122. 
Exosmosis, 63. 
Expiration, 81. 
Extensor musdes, 16S» 
Eyeball, 128. 
EyeUds, ISO. 

Fats, SO. 

Fauces, 30. 

Features, 3 

Femur, 11. 

FenoBtra ovaliB, 122. 

Fibrin, 20. 

Fibrinoplastin, 60. 

Fibrinogen, 66. 

Fibres of Ck>rti, 126, 127. 

Fibula, 12. 

Filum terminale, 20. 

Fissures of spinal cord, 00 s of 

brain, 106. 
Flexor muscles, 122. 
Floating ribs, 6. 

Fluid, pancreatic, 00 ; synovial, 90. 
Follicles, 46 ; gastric, 01 ; Meibomian, 

91. 
Food, 33. 
Foramen magnum, 8 ; of Munro, 

107. 
Foyea centralis, 131. 
Frontal bone, 8. 
Functions, the, 2, 27; table of, 28. 

Ganglionic corpuscles, 100, 171. 
GaUl)ladder, 18, 48. 
Gastric folUcles, 00; juice, 43. 
Gelatiii,30. 






Cnands, buccal, 80 ; BrSuner's, 46 j 

S^stric, 42, 170; lachrymal, 140; 
eberkQhn*s, 46; lenticular, 46; 

mesenteric, 76; Meibmntan, 140, 

170; mucous^; parotid, SO, 64; 

peptic, 43 ; Foyer's, 46 ; pineal, 

107 ; racemose, 01 ; salivary, 30 ; 

sebaceous, 03 ; se cre tory, 00 ; 

submaxillary, SO ; sublingual, 30; 

sudorinarous, 01 ; thymus, 01; 

thyroia, 01 ; tubular, 00 ; vMcular, 

01. 
Glenoid cavity, 8. 
Globulin, 29. 

Glosso-pharyngeal nerves, llOL 
Glucose, 31, 49, 60. 
GramUflur layers of retina, 181. 
Gyriof brain, 106. 

HflBmatin, 60. 

Haemoglobin, 90, 60. 

Haurs, 04, 161. 

Haversian canals, 166; systam, 166. 

Heat producers, 34. 

Heart, 13, 66. 

Hepatic artery, 47; cells, 40 ; duct, 

18 ; vein, 47. 
Hiccough, 81. 
Hilus, 04 
Humerus, 10. 
Humour, aqueous, 120; vitreous, 

129. 
Hyoid, 10. 

Ileo-c»cal valve, 46. 
Dium, 7, 4i. 
Incisors, 38. 
Inferior turbinal, 10. 
Inorganic f ood-stufib, 34. 
Insalivation, 40. 
Insensible petspiration, 03. 
Incus, 122. 

Interlobular vessels, 48. 
IntestinoB, 17, 44. 
Intestinal digoBtion, 61, 
Intercostal muscles, 79, 80, 80L 
Intervertebral foramina, 90. 
Intralobular vein, 48. 
Iris. 129, 136. 
Iron, 32. 
Ischium, 7. 

Jejunum, 44. 
Joints, 149. 
Jugal bone, 0. 
Juprolar vein, 74. 
Juice, pancreatic, 61. 

Kidneys, 18, 26, 04^ 170. 
Keratm, 30. 

Labyrinth, 122 ; bony, 128 ; mem- 
branous, 123. 
Lachrymal bone, la 
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Lacteal Teasels, 4ft. 

XjMtKO and, 8L 

Lactiii, 31. 

Tifti^nnan of bone, 165. 

lAmina «piraUB» ISB. 

Larynx, 77, 168. 

Layers of retina, 131. 

Lentioidar KUm^* ^ 

Levers, 147. 

Lieberkfihn's glands, 4fl. 

Ligaments, 18; lateral of liver, v. 

Lisamenttun teres, 161 ; nachSB, 163. 

Lime, phosphate o^ 31; carbonate 

Limitary membranes of retana, 132. 

Liqnor sanguinis, 65. 

Liver, 18, 46, 169. 

Lobes, 18, 47, lOfi. 

Lobules, 47. 

Lnmbar vertebra, ft. 

Lungs, 16, 77, M. 

Lymph, 76. 

LymphatiOB, 78. 

Lymphatic glands, 74. 

Ifacala Intea, 131« 136. 

Halarbone, 9. 

Manens, 122. 

Hargarin,31. 

Mastication, 40. 

Maxillaries, 9, 10, 110. 

Meatus, auditory, 121. 

Medulla of bone, 164 ; oblongata, 82, 

104,106. 
Membrana teotoria, 126. 
Membranes, basilar, 125; limitary, 
133; muoous, 3, 90; of Beissner, 
126; synovial, 90; tympanic, 121. 
Mesentery, 18. 
Metacarpus, 11. 
Metatarsus, 12. 
Milk, 36. 
Mitral valve, 07. 
Molars, 88. 

Molecular layer of rettnftf ISl* 
Mouth, 87. 
If ucns, 3. 

Muscles, 8, 146; arytenoid, 164; 
crioo-arytenoid, 164; intercostal, 
80 : oblique, 141 ; of the eyeball, 
141 ; striped, 147, 167 ; thyro-ary te- 
noid, 164; unstriped, 146, 168. 
Muscular coat of intestine, 46. 
Myosin, 29, 146. 

Nails, 94, 161. 

Nares, 40. 

Nasal bones, 9 } ohambem, lis. 

Nerve fibres, 170. 

Nerves, 16, 98, 116, 118. 119 ; afferent, 
08; auditory, 110, 126; cerebral, 
109; cerebro-spinal, 98, 111; 



eftamili, 98; falser lllj »]<»"■ 
pharyngesl, 110 ; hypoglossal. 111 ; 
motor, 100; olfactory, 109; optio, 
110, 136; pneumogastric, 68, 110; 
sensory, 100 ; spinal, 100 ; spinal 
accessory. 111; sympathetio, 72, 
98 ; true. 111 ; vaso-motor, 112. 

Nervous system, 26. 

Neural arch,6; canal, 6, 19; spine, ft 

Nitrogenized substances, 29. 

Nucleoli, US. 

Occipital bone, 8; foramen, 162. 

Odontoid process, 161. 

(Esophagus, 16, 41. 

Olefn, 31. 

Olecranon process, 160. 

Olfioctory cells, 118 ; nervw, 109. 

Optic nerve, 139; thalamus, liu. 

Organs, 1. a «• 

Os innominatum, 7; orbienl&re. 121. 

Osmosis, 64. 

Osseous, 2. 

Otoconia, 128. 

OtoUthes, 123, 127. 

Oxidation. 87. 

Palate, 87. 
Palatines, 10. 
PaUor, 71. 
Palpebr», 189. 
Palpitation, 69. 
Pancreas, 18, 60. 
Pancreatic juice, 61^ 
Pancreatin, 61. 
Papilla, 116. 
Pitfaglobulin, 66. 
Parietals, 8. 
Parotid gland, 64. 
Pars petrosa, 120. 
Patella, 12. 

Pelvis, 6 ; of kidney, 04. 
Pepsin, 30. 
Peptone, 41 
Pericardial fluid, 1ft. 
Pericardium, 16, 66. 
Perilymph, 123. 
Periosteum, 166. 
Peritoneum, 18, 97. 
Peristaltic movements, 16b 
Petrosal, 120. 
Peyeor's glands, 40. 
Phalanges, 11. 
Pharynx, 16, 40. 
Phosphates, 31, 32. 
Pia mater, 20. 
Pineal gland, 107. 
Pinna, 120, 121. 
Pituitary body, 107. 
Plasma, 66, 68. 
Renra, 16. 

Pneumogastric nerve, 68. 
Pons Yarolii, 106. 
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Portio dora, mollis, 110. 
Posterior nares, 40. 
Prooessns graciliB, 122. 
Proteids, 29, 34. 
Protoplasm, 168. 
Proximate oriaciides, 28. 
Ptyalin, 30.* 
Pubis, 7. 

Pulmonary artery, etc., 16, e&. 
Pulse, 71. 

Punctnm laohrymale, 140. 
Pupil, 129. 
Pyloric, 18. 
Pylorus, 42. 

I^ramids of kidn^, 94; of medulla 
oblongata, 106. 

Badins, 11. 

Rectum, 18, 46, 141. 

Reflex nervous action, 88, 108 

Respiration, 77. 

Retma, 128, ISO, 173. 

Ribs, 6. 

Rods and cones, 131, 18S. 

Saoculi, 46. 

Sacrum, 6. 

Sarcolemma, 168. 

Salivary glands, 39 ; membranes, 90. 

Scala media, etc., 126. 

ScapuIsB, 8. 

Sclerotic, 112. 

Secretion, 89. 

Semilunar valyes, 68. 

Senses, 118. 

Smisory organs, 113. 

Serous membranes, 90. 

Serum, 66. 

Sighing, 81. 

Sight, 128. 

Skeleton 6. 

Skin, 92. 

SkuU, 8. 

Smell, 118. 

Sneezing, 88. 

Sniffing, 82, lia 

Speech, 156. 

Sphenoid bone, 8. 

Sphincter, 42, 46. 

Spinal cord, 19, 99, 102; column, 19. 

Spleen, 18, 91. 

Squamosal bone, 9. 

Stapedius muscle, 128. 

Stapes, 122. 

Stearin, 31. 

Sternum, 6. 

Stomach, 16, 41. 

Structure, 2. 

Sulci of brain, 106. 

Supplemental air, 83. 

Suprarenal capsules, 91. 

Suspensory ligament, ISO. 
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Sutures, 18. 

Sweetbread, fO. 

Sympathetic nervou system, M. 

69, 111. 
Synovia, 160. 
Synovial capsules, 90, 160 } fluid, 00 ; 

membranes, 90. 
Syntonin, 29. 

System, lymphatic, 73 ; neryous, OS. 
Systemic arteries, etc., 64. 

Tsble of chemicsl elements of the 
human body, 32 ; food-stufEk, 36^ 
66. 

Tactile corpuscles, 04, 114. 

Tarsus, 12. 

Taste, 115 ; goblets, 118. 

Teeth, 88, 166. 

Temperature, 37. 

Temporal bone, 9, 120. 

Tendons, 3. 

Thoracic vertebra, 6. 

Thorax, 3, 13, 80. 

Thyro-arytenoid muscle, 164. 

Tibia, 12. 

Tidal air, 88. 

Tissues, 2, 163, 170. 

Tongue, 116. 

Tonsils, 40. 

Touch, 114. 

Trachea, 16, 77, 164. 

Transverse process, 6. 

Tricuspid valve, 67. 

Tubes, bronchial, 78. ^128. 

Tympani, membrana, 121; tensor, 

l^mpanum, 121. 

Ulna, 11. 
Ureter, 18, 94 
Urethra, 97. 
Uvula, 37. 

Valve, Eustachian, 6B; mitral, 67; 

tricuspid, 67. 
Valves of the veins, 68 ; semilunar, 

68. 
Vaso-motor centres, eta, 112. 
Veins, hepatic, 47 ; intralobular, 46 ; 

jugular, 74 ; portal,47 ; pulmonary, 

15 ; splffliic, 91 ; subclavian, 74. 
Vena cava, 16, 18. 
Venous blood, 47. 
Ventricles, 16, 66, 106. 
Vermiform appendix, 46. 
Vertebra, 6. 
Vertebral column, 6. 
Vessels, interlobular, 48. 
Vestibule, 123. 
VilU, 46. 

Vitreous humour, 129. 
Vocal chords, 145. 
Voice, The, 166. 
Vomer, 10. 
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Tkt HfwmJbtrt in parentheau show the pagw on which ih$ Anawtn wtU be/oiMuL 

3. Compare the production of 
force in the human body and in a 
steam enffine. (23) 

4. What ii meant by the waste of 
the body, and how can it be proved 
to take place ? (24 and 26) 

6. Wlutt materials are ffiven off 
from the body as waste? (24) 

6. Name the arg^JOB by which the 
waste matters are separated fix>m 
the body and the materials got rid 
of by each. (24) 

7. Explain how it is that, while a 
healthy man is continually losing 
material by waste, he does not seem 
to alter in size or weight. (26) 

8. What is digestion? and what 
organs are mainly concerned in its 
performance? (26) 

9. Explain what part the blood 
plays in the nourishment of the 
body. (26) 

10. What are the chief functions of 
the nervous system? (26) 

11. Distinguish between local 
death and general death. (27) 

12. How may the functions of the 
human body be classified? (27,28) 



GHAPTEBL 

1. Of what parts may the human 
body be seen to consist ? (3) 

2. What is the outer covering of 
the body called? (3) 

3. What parts are seen when the 
■kin is removed ? (3) 

4. What are muscles ? (3) 
6. What is the skeleton > (6) 

6. What are the chief divisions of 
the vertebral column, and how many 
▼ertebrsB are there in each? (6) 

7. Describe the parts of a thoracic 
▼ertebra? (6) 

8. Describe the positions and 
forms of the os innominatum and 
flcapula. (7) 

9. Describe the positions of the 
bones composing the cranium. (8) 

10. Desmbe the positions of the 
bones forming the face. (9) 

11. Describe the positions of the 
ribs, sternum, and hyoid. (6 and 10) 

12. With what other bones is the 
ulna connected, and where are the 
metacMurpals and clavicles to be 
found? (8 and 10) 

13. Name the bones of the leg and 
foot. (12) 

14. How are the thoracic and ab- 
dominal cavities separated ? (16) 

16. Name the chief organs in the 
ihorax, and describe their relative 
positions. ri3) 

16. In wnat part of the body is 
ttie Uver situated, and what otiier 
organs are lodged in the same ca- 
vity? (16) 

17. What are the peritoneum and 
mesentery? (18) 

18. Where are the brain and spinal 
oord situated, and by what mem- 
branes are they protected ? (19) 

19. What are nerves ? (20) 

20. What is that which separates 
the neural canal from the thoracic 
cavity? (7 and 19} 

21. What would nave to be removed 
in order to lay bare the upper part 
of the brain? (20 and 22) 

OHAPTBBIL 

1. What is the difPerence between 
the study of anatomy and of physi- 
ology? (23) 

2. What is meant by an organ of 
the body? Name several organs. (1) 



OHAPTBBIIL 

1. Of what chemical elements are 
proximate principles composed? (28) 

2. What are the chief differences 
between the two great groups of 
proximate principles ? (20) 

3. From whence are the following 
substances obtained, and of what 
chemical elements are they each 
comi>osed? — albumen, globulin, fl« 
brin, casein, and gelatin (29, 30) 

4. What are pepsin andptyalinP 
(30) 

6. Name some amyloid substances, 
and state in what respect they differ 
from fats and proteios. (31) 

6. What are the general results of 
the decomposition of the body? (31) 

7. Name some of the mineral sub- 
stances found in the human body, 
and state where they 6ccur. (31) 

8. Of what chemical elements ia 
the body composed ? (32) 

CHAFTBB lY. 

1. What is the chief difference be- 
tween ordinary plants and animals 
as regards their food ? (33) 
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2. Explain how plants sapplyaci- 
mals with food, and how animals 
Hopply plants with the same. (SS) 

8. Show how food-stnfils may be 
oonreniently classified, and in vrtiat 
respect this classification is not 
strictly correct. (33) 

4. Give examples of each kind of 
food-staff. Why are fthts better heati> 
producers than amyloids t (34) 

6. Why is a mixed diet necessary? 
(36) 

6. Explain how it is that when the 
diflbrent kinds of food are properly 
mixed a much leas quantity is re- 
quired to sustain the body. (36) 

7. Name some of the circumstan- 
ces under which a variation in the 
kind and amount of food is xequi* 
Site. (36) 

CHAPTBK V. 

1. Describe the mouth, and name 
its various parts. (37) 

2. Name the parts of a tooth. £tow 
masiY kinds of teeUi has an adull^ 
and how are they placed P (38) 

3. How do the teeth of a child dif* 
fer from those of an adult ? (39) 

4. Name the salivary glands, and 
state where thev are situated. (38) 

6. Describe the changes which a 
piece of bread undergoes in the 
mouth, and how it passes from the 
mouth into the stomach. (40) 

0. Describe the general and minute 
stmcture of the stomach. (41) 

7. Where is gastric juice secreted, 
and what are its uses ? (43) 

8. What are peptone and chyme P 

m 

9. What glands pour their secre- 
tions into the small intestSne, and 
where does this take place t (44) 

10. Describe the general stmcture 
of the walls of the small intestine 
and the minute structure of one of 
the viUi. (44,46) 

11. What are valvules oonniventee, 
and what is their function ? (44) 

12. Describe the position of the 
CflBcom and the struotore of the 
oolon. (46) 

18. Describe the extenial form of 
the liver, and mention the more im- 
portant organs with which it is con- 
nected. (47) 

14. How IS the liver supplied with 
blood P Trace the course of the ves- 
sels through the liver. (47) 

16. What are the functions of the 
liver, and what are the constituents 
of its secretion? (48) 



16. What are the uses of bile ? (60 

17. What evidence have we that 
the liver has other ftinctiona than 
the secretion of bile ? (60) 

18. Describe the position and 
structure of the pancreas. What ia 
the nature of its secretion t (60) 

19. Explain the peristaltic znoTO- 
ment of we intestine. (46) 

20. Where and how do the nntri- 
tious portions of food pass out of 
the alimentary canal P (44, 45, 62) 

21. What is the cause of hunger 
and thirst P (63) 

22. Describe the changes which 
each of the constituents of a beef- 
steak and bread is subject to — lat, in 
the mouth; 2nd, in the stomach; 
Srd, in the small intestine ; 4th, in 
the large intestine. 

OHAPTBE VI. 

1. What is blood 7(66) 

2. Enumerate some of the chief 
uses of the blood. (66) 

8. What is the difference between 
arterial and venous blood P (66) 

4. Describe the appearances of a 
drop of blood when seen under a 
powerAil microscope. (66) 

6. Describe the process of coagu- 
lation, stating by what conditions it 
is hastened or retarded. (66) 

6. What is blood plasma P (58) 

7. Describe tiie straotoze of a red 
blood corpuscle. (68) 

& Describe the stmcture of a co- 
lourless corpuscle, and compare it 
with the red oorpusele. (60) 

9. What gases are found in the 
blood P (60) 

10. What changes does the blood 
undergo in the body, and where do 
they occur? (61) 

OHAPTBE Vn. 

1. What is meant by the cironla- 
tion of the blood? (64) 

2. Name the more important or- 
gans of circulation (66, &o.) 

8. Describe the form, i>oBition, 
and structure of the heart. (66) 

4. Describethe course which blood 
takes in passing from the right au- 
ricle to the left auricle. (66) 

5. Through what vessels does the 
blood travel after leaving the leh 
auricle before it reaches the right 
auricle? (64) 

6. What causes the blood to circu- 
late, and what determines the direc- 
tion in which it moves P (60) 
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7. How is the heart iteelf nonriflih' 
edP Where ia the perioardiam ? (66) 

8. What ie the difference between 
the atractore of the wall of an ar- 
tery and that of a vein f (70) 

9. What are capillariea? Where 
are they f onndj and what is their 
nae? (70) 

10. Where are the mitral, Che ee- 
nulonar, and eustachian valves slta- 
atedP (97, 66) 

11. What is meant by the portal 
oircalation? (tt) 

12. When the ear is placed against 
a person's chest, in the region of Uie 
hMurt, what sounds are heard, and 
how are thev produced? (60) 

18. What IS the pnlseP (71) 
14. From what sources does the 
heart receive nerves P (68) 

16. Explain the cause of blushing 
and pallor, pointing out especially 
the action of the nervea (71) 

16. How can the circulation of the 
blood be proved P (78) 

17. Where is the thoracic duct 
situated, uid what is its use ? (74) 

18. What are lacteals? From what 
source do th^ obtain the fluid they 
contain, and what becomes of that 
fluid P (76 and 63) 

10. What is lymph, and how does 
it differ ftom (£yle ? (76) 

20. Where are lymphatic vessels 
and cm)iUaries to be found P (73) 

21. Describe the structure of a 
lymphatic vessel and of a lymphatic 
gland. (74) 

22. Where am the mesenteric 
glands situated, and what is their 
function P (76) 

28. How does lymph diflhr from 
blood P (76) 

24. Ixplain fully how the parts of 
a mutton chop, which has been eat- 
en, find their wav into the blood 
system, and how the tissues receive 
nourishment from ^'h ^w^t 

OHAPTBB Vni. 

1. What causes the heaving of the 
ehest when we breathe P (80) 

2. What is meant by dia]diragm- 
atic respiration, and what by costal 
resi>iration P (80,81) 

5. Describe the structure of the 
lungs and of the organs connected 
with them. (77) 

4. Where are the pluzBS aitaft* 
tedP (76) 

6. Why do the lungs during life 
always fill up the chesty and why 



when an opening is made into the 
thoracic cavity do they shrink P (79) 

6. How is ordinary ex|nration 
performed? Bxplain the expiratory 
process fully. (81) 

7. How are the lungs supplied 
with blood? (78 and 65) 

8. Bxplain the changes that take 
place in the- blood during its pas. 
sage through the lungs. (61 and 84) 

9. How much air is taken into the 
lungs at each inspiration, and what 
is the average total ca{»acity of the 
lungs? (82) 

10. I!jq;>Iain the phenomena of 
coughing and sneezdng, and show in 
what iMoticulars they differ. (82) 

11. what is understood by com* 
plemenbal air, tidal air, supplemen- 
tal air, and residual air? (82) 

12. In what particulars does the 
air which passes out of the lungs 
difiEbr from that which is taken in P 
Explain the cause of this differanee. 
(83) 

13. What is meant by the dfiffunon 
of gate* t In what respect is this 
physical process insufficient to ac- 
count for the exchange of gases in 
the lungs? (84) 

14. Bxplain the effect upon the 
sy^em generally when a person ia 
confined for any length of time in a 
close and iU- ventilated room. (86) 

16. Bxplain the successive effects 
produced in Uie system and circu- 
lation by a total derivation of air, 
as in the case of drowning. (86) 

16. At what rate does an ordinary 
man respire P How much air woula 
imss in and out of his lungs dur* 
bg 24 hours? (82) 

17. Describe the composition of 
ordinary air. (83) 

CHAPTEBIX. 

L What is the ordinal^ tempera- 
ture of the human body? How 
and where is its heat evolved? (87) 

2. What food-stuffs are best adap- 
ted for heating the body, and why P 
(88) 

3. How are the internal and ex- 
ternal parts kept at about the same 
temperature ? (88) 

4. Bxplain fully the manner in 
which ttie temperature of the body 
is regulated when it is en)OBed to 
extremes of heat or cold. (88) 

OHAFTEB X. 
L Explain the meaning of seore* 
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tion and excretion, giying examples 
of each. (89) 

2. State what yon know of the 
process of secretion. (88) 

3. What are serous, synovial, and 
mncons membranes? Grive exam- 
ples. (90) 

4. Where are the following glands 
situated ? — sweat glands, Meibomian 
follicles, sebaceous glands, parotid 
glands ? (91 and 39) 

6. What are ductless glands? 
Give an account of the minute 
structure of one of them. (91) 

«. Give an account of the stmo- 
tore and uses of the skin. (92) 

7. What excretory matters are 
given off by the skin? (93) 

8. Give a general account of the 
position and external form of the 
kidneys, mentioning the vessels 
which enter and leave them. (94) 

9. Give an account of the minute 
structure of a kidney and of the 
functions of its several parts. (94) 

10. What substances are excreted 
by the kidneys? What becomes of 
them after they leave Uiat organ? (96) 

11. Why is the blood in the renal 
vein the purest in the body ? (97) 

12. Why does the blood in the re- 
nal vein become venous when the 
nerves are irritated ? (97) 

13. Describe the position and 
structure of the bladder. (97) 

CHAPTER XI. 

1. Where is the cerebro<spinal 
nervous system situated, and where 
the sympathetic ? ( 98-111) 

2. Give an account of the spinal 
oord and its membranes, more espe- 
cially as shown by a transverse sec- 
tion. (99) 

3. How many pairs of spinal 
nerves are there ? What is the differ- 
ence in structure and formation be- 
tween their anterior and posterior 
roots? (100) 

4. What are nerve centres, and 
how do they differ in structure and 
ftmction from nerves? (98) 

5. Sxplain what is meant by reflex 
action, and give an example. (102) 

6. Draw a diagram showing the 
direction which the afferent uid 
efferent nerves take in the spinal 
cord. a03) 

7. Give a general account of the 
external form of the brain, mention- 
ing the structures which are to be 
seen both above and below. (105) 



8. What nerves are given off from 
the brain and medulla oblongata, 
and what are their functions ? (109) 

9. Why are the first and second 
nerves called false nerves ? (Ill) 

10. 'Bzplain the positions of the 
following parts of the brain : — arbor 
vit», pons varolii, crura cerebri, 
corpus callosum, 3rd ventricle, pine- 
al gland, pituitary body, foramen of 
Munro, and lateral ventricles. (106) 

11. If the left side of a man's brain 
were injured which side of the body 
would you expect to become para- 
lysed, and why ? (104 and 108) 

12. State what you know regard- 
ing the special ftinctions of the cere- 
bral hemispheres, cerebellum, me- 
dulla obloneata, and corpora quad- 
rigemina. (108) 

13. Give an account of the sym- 
pathetic nervoTis system and also of 
its distribution and functions, so far 
as th ey a re known. (Ill) 

14. What is meant by vaso-motov 
centres, and where are they sita- 
ated? (112) 

15. Explun the influence of the 
sympathetic and pneumo-gastrio 
nerves upon the heart. (69) 

16. What are the general fono- 
tions of the nervous system ? (98) 

GHAFTEB XII. 

1. What is meant by a sensation ? 
How are sensationB brought aboafcP 
(113) 

2. Mention some sensations which 
do not seem to be definitely looal- 
ized. (113) 

3. Explain what is meant by the 
muscular sense. (114) 

4. How many senses are men 
said to possess ? Name them. (114) 

6. Where are the organs of touch 
situated, and where is this sense 
most acute? (114) 

6. What are tactile corpuscles, and 
where are they situated ? (114, 116) 

7. What nerves are chiefly con- 
cerned in the sense of touch ? (115) 

8. How may the sensitiveness to 
touch be readily tested ? (116) 

9. Where are the organs of taste 
situated? (116) 

10. Describe the general structure 
of the tongue and its papillee. (116) 

11. Describe the structure and po- 
sition of the bodies which are called 
tasting-gohleU. (117) 

12. What nerves supply the or- 
gans of taste? (118) 
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13. What other Bensations are oft- 
en very closely connected with those 
oftaete? (118) 

14. Where is the organ of smell 
situated? (118) 

16. Explain what is meant by the 
anterior uid posterior nares. (118) 

16. Give a general description of 
the nasal chambers. (118, 119) 

17. Explain precisely the posi- 
tions of the tnrbinal bones and the 
cribriform plate. (118) 

18. What are the bodies termed 
olfactory cells ? (119) 

19. Give an account of the manner 
in which the sensation of smell is 
produced. (119) 

20. What nerves are distributed 
over the nasal chambers? What 
parts are supplied by each of these 
nerves? (119) 

21. What portions of the nasal 
chambers are ciliated ? (119) 

22. Why do we sniff when we 
want to smell an odour more dis- 
tinctly? (120) 

23. Where is the organ of hearing 
situated? (120) 

24. Where are the external ear, 
middle ear, and internal ear ? (120) 

26. Describe the general structure 
of the external ear. (121) 

26. Where is the membrane of the 
drum situated? (121) 

27. Deiscribe the forms and rela- 
tions of the small ear-bones. (128) 

28. With what parts do the fenes- 
tra rotunda and fenestra ovalis com- 
municate ? Where is the eustachian 
tube? (122) 

29. Describe the positions of the 
Btai>edius muscle and tensor tym- 
pani, and explain their uses. (122) 

30. Describe the mutual relations 
of the semicircular canals, ampull», 
and vestibule. (123) 

31. What relation subsists be- 
tween the membranous labyrinth 
and the bony labjrrinth ? (123) 

32. What IS meant by perilymph 
and endolymph ? (123) 

33. What are otolithes, and where 
are they found ? (123) 

34. What and where is the coch- 
lea? Explain what are meant by 
the scales. (124) 

36. Explain the positions of the 
fibres of Corti, the crista spiralis, and 
the membrana tectoria. (126^ 126) 

36. What nerves supply the or- 
gans of hearing ? (126) 

37. Explain fully the manner in 
which sound is transmitted from the 



air to the auditory nerves. C186-128) 

38. What functions are usuidly 
ancrlbed to the membranous laby- 
rinth and the cochlea ? (128) 

39. Describe the positions of the 
organs of sight. (128) 

40. Draw a diagram of a horizon- 
tal section of an eye, showing the 
position of its various parts. (129) 

41. Explain the structure and 
uses of the iris. (129 and 134) 

42. Explain the structure and uses 
of the crystalline lens. (130 and 133) 

43. Explain the position and use 
of the ciUarv muscle. (130 and 134) 

44. Explam what are meant by the 
macula Intea and blind spot. (181 
and 136) 

46. Give an account of ' the micro- 
scopic structure cA the retina. (131) 

46. Explain howthe eye is adjusted 
to near and distant objects. (134) 

47. Give some of the reasons 
which lead us to infer that the func- 
tion of the rods and cones is to re- 
ceive the impressions of light. (136) 

48. How long does the retina re- 
tain the impressions of light, and 
how may this be proved? (136) 

49. Explain how it is that when we 
look at a bright spot on a dark ground 
and then look at a white sheet of 
paper a dark spot appears. (137) 

60. What is the effect when a 
coloured spot is looked at instead of 
a black one ? Explain the reason of 
the difference. (137) 

61. What is colour blindness ? (187) 

62. How is it that an object ap- 
pears upright, alUion^h the image 
formed upon the xetina is upside 
down? (138) 

63. Explain how it is that, al- 
thoup^h an image of an external ob- 
ject is formed upon each retina, the 
mind only perceives one impression 
of the object. (138, 139) 

64. Explain how it is tlu^ objects 
are seen in relief . (139) 

66. Explain how a stereoscope re- 
presents objects in relief. (139) 

66. Explain Uie structure and use 
of the e velids and of the muscles by 
which they are moved. (139) 

67. Describe the structure and use 
of the lachrymal apparatus. (140) 

68. By what muscles are the eye- 
balls moved and adjusted ? (141) 

CHAPTER Xin. 

1. Describe the difihrent kinds of 
movements which take place in the 
body. (145) 
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8. What is the Btraotnre of an or- 
dinary moBde ? How may a mng- 
cie be xoadeto contract ?(146 and 99) 

3. Show the diflbrence between 
Btolped and ixnstriped mnscolar fi- 
bre, and give examplea of each. (146) 

4. Name an instance of stinped 
inTolnntaiy muscle. (146) 

5. Give a short aooonnt of the 
manner in which moselea produce 
the movements of the body. (147) 

6. Explain the different orders of 
levers. (147) 

7. Show whero in the hunan body 
each order of levers is exemplified. 
(148) 

a. What is a joint P Gkhe exam- 
ples of imperfect uid perfect joints, 
describing them fttUy. (149, 160) 

9. What is a hinge joint, and 
what a ball and socket joint? (160) 

10. Describe the stmetore of the 
atlas and axis vertebne, and show 
how they articolate. (161) 

11. Bxplain the movements of. 
iexion, extension, adduction, abdnc- 
tion, and ctrcmndooUon. (162) 

13. Where is the organ of voioe 
situated P (163) 

13. Describe the eartilages and 
muscles of which the larynx is com- 
posed. (164) 

14. What are the vocal chords, 
and where are they placed? (164) 

16. Which muscles tighten, and 
which relax, the vocal chords ? (1J6) 

16. What is voice ? (166) 

17. Upon what does the compass 
and quality of voice depend P (166) 

18. What is the difference between 
voioe and spae^ ? <166) 

CIHAPTEBXIY. 

1. Define the xneaning of hist- 
ology. (168) 

2. What is a cell? (168) 

3. What is epithelium r Where is 
it found P (168) 

4. What 18 the dlfibrenoe between 
squamous and columnar epitheli- 
um P State how you would proceed 
if required to show both kinds under 
the microscope. (169) 

6. What is ciliated epithelium P 
Where is it found, and how would 
you prepare some for the micro- 
scope P (169) 

6. Where does globular cpitheliuni 
occur P (160) 



7. Bxplain the method of catting 
thin sections of tissues by embed- 
ding them in wax. (160 and 176) 

8. Of what i» the epidermis com- 
posed? (161) 

9. Describe the structure of the 
nails. (161) 

10. Describe the structure of a 
hair. (161) 

11. What is cartilage^ and where 
is it to be found? (16$ 

12. How would you prepare carti- 
lage for the microscope ? (162) 

13. What is connective tissue, and 
where is it to be found ? (163) 

14. How would you prepare It for 
the microscope ? (163) 

16. What is the stmoture of adi- 
pose tissue ? (163) 

16. What is the difltoenoe between 
elastic tissue and connective tisane P 
(163, 164) 

17. Describe the minute stmetore 
of bone. (164) 

18. How xoaj it be prepared for 
examination with the microscope ? 
(166) 

19. Describe folly the minute 
structure of a tooth. (166) 

20. Describe the miorosoopio ap- 
pearance of striped and unstriped 
muscular fibre. (167) 

21. How may they be prepared for 
the microscope P (X68) 

22^ What preparation is necessary 
to show the blood vessels of the liver 
or kidney? (170) 

23. Describe some nroceas by 
which the cells of liver lobnlea may 
be seen. (170) 

24. State how yon would prepare 
the Meibomian gtands for examina- 
tion. (170) 

26. Describe the structure of me- 
dullated and non-medcdlated nerve 
fibres. (170) 

26. How may nerve fibre be pre- 
pared for the microscope P (171) 

27. Describe the structure of gan- 
glionic nerve corpuscles. (171) 

28. How may ganglionic corpus- 
cles be shown under the microscope P 
(172) 

29. Bxplain some method of pre- 
paring sections of spinal oord for 
the nucrosoope. (172) 

SO. Show how portions of retina 
may be prepared for the micro- 
scope. (17^ 
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